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Dear Review Committee:

Please find enclosed applications for the Critical Use Exemption from the phaseout
of methyl bromide for the vegetable industry in Michigan. Specifically, we request
exemption for growers of Solanaceous and Cucurbit crops who rely on fumigation
for control of soilborne organisms. While my laboratory is actively researching
alternative strategies, we need more time to identify and then transition the industry
to viable alternatives. I did not find the proposed alternatives to methyl bromide to
be scientifically proven to control Phytophthora capsici, a primary pathogen.
Throughout the applications I’ve offered the research information we have regarding
the proposed alternatives. Because I did not deem the proposed alternatives to be
technically feasible, economic comparisons have not been included for those
alternatives. Rather, we have portrayed the economics of using methyl bromide
versus not using methyl bromide. It is important to note, that the economics
provided do not include the economic losses during a severe disease epidemic. Just
this year alone in one region of the state, we’ve had losses totaling over $1 million
due to this soilborne disease when methyl bromide was not used. Because of the
fungicide resistance, we experienced a period from 1999 to 2000 where use of
methyl bromide increased in order to manage disease.

Thank ilou for your attention to our applications. Please let me know if I can be of
further assistance.

Respectfully yours,

/77/%7 P iaceiel
Mary Hausbeck
Professor and Extension Specialist



1.

12.
13.

14.
16.

Ve 0L C©COOD  Forerauseonly

ID#

Worksheet 1. Contact and Methyl Bromide Request Information

The following information will be used to determine the amount of methyl bromide requested and the contact person for this
request. Itis important that we know whom to contact in case we need additional information during the review of the
application.

Location .
(Enter the state, region, or county. Provide more detail about the location if relevant to the feasibility of alternatives to methyl
bromide.)

Michigan, USA

Crop/commodity
(Include all crops/commodities that benefit from the application of methyl bromide in a fumigation cycle. A fumigation cycle is
the period of time between methy! bromide fumigations.)

" This application is for cucurbits (1 crop/fumigation cycle). Cucurbits include watermelon, muskmelon,

cucumber, summer squash, winter squash.

Climate

(Individual users should enter their climate zone designation by reviewing the U.S. climate zone map. If a consortium is
submitting this application, please indicate the estimated percentage of consortium users in each climate zone. This map is
located at the end of this workbook or it can be reviewed online at hitp://www.usna.usda.gov/ Hardzone/ushzmap.htmi).

All users are located in zone 5B (average annual minimum temperature -10 to -15 F).

Soil type Check the box(es) for the soil types and percent organic matter that apply to your area. If a consortium is submitting
this application, please indicate the estimated percentage of consortium users in each sail type.

Soil Type: Light X Medium X Heavy
Organic Matter: 0 t_q/2% 25 2to 5% 75 over 5%

Other geographic factors that may affect crop/commodity yield (e.g., water table).

Consortium name  Michigan cucurbit { watermelon, muskmelon, Specialty (check one)

cucumber, summer and winter squash) growers

Contact name Dr. Mary Hausbeck agronomic X

Address 140 Plant Biology Lab economic

Mich. State Univ., Dept. of Plant Pathology

E. Lansing, Ml USA 48824-1312

Daytime phone 517-355-4534 10. FAX 517-353-9704

E-mail hausbec1@msu.edu

List an additional contact person if available. Specialty (check one)
Contact hame Barbara Dartt, DVM, MS agronomic

Address Salisbury Management Services, Inc. economic X

2487 S. Michigan, P.O. Box 10

Eaton Rapids, Ml USA 48827-0010

Daytime phone 517-663-5600 15. FAX 517-663-5608

E-mail bdartt@salisbury-management.com




For EPA Use Only
Worksheet 1. Contact and Methyl Bromide Request information ID#

17. How much active ingredient (ai) of methyl bromide are you requesting for 20057 62,142 ibs.
If a consortium is submitting this application, the data for question 17 and 17a. should be the total for the consortium.

In the question below, area is defined as follows for each user: acres for growers, cubic feet for post harvest operations, and square feet for
structural applications.

17a. How much area will this be applied to? Please list units. 1,446 acres  units

18. Are you requesting methyl bromide for additional years beyond 20057 Yes X No

18a. If yes, please list year and quantity active ingredient (ai) of methyl bromide requested in the table below and explain why you need
authorization for multiple years.

Additional time is needed to facilitate testing of potential alternatives for crop safety, pathogen

efficacy, and incorporation into commercial production systems. Also, we anticipate that additional

growing seasons are needed for demonstration plots with grower cooperators.

If a consortium is submitting this application, the data below should be the total for the consortium.

In the table below, area is defined as follows for each user: acres for growers, cubic feet for post harvest operations, and square feet for

structural applications. -

Year Quantity ai (Ib.) of Methyl Bromide Area to be Treated Unit of Area Treated
2006 60,970 a.i. (Ib.) 1,419 acres
2007 T 58,625 a.i. (Ib.) 1,364 acres
19. Target Pest(s) or Pest Problem(s): o,

(Be as specific as possible about the species or classes of pests relevant to the feasibility of alternatives.)

Soil-borne fungi that cause crown, root, and fruit rot, including Phytophthora capsici (primary problem), and Fusarium

oxysporum f. sp. melonis (secondary problem).

20. if applying as a consortium for many users of methyl bromide, please define a representative user. Define exactly,
issues such as size of the operation (acres treated with methy! bromide for growers, cubic feet for post-harvest operations, and square feet for
structural applications), whether the representative user owns or rents the land or operation, intensity of methyl bromide use (treat regularly or

only when pest reaches a threshold), pest pressure, etc.

A representative user employs raised beds, black plastic, and trickie irrigation. The fumigant is applied preplant. The user owns

the land and operation. The user utilizes rotation, but due to pathogen longevity the problem is treated regularly. The user grows

for the fresh market industry, and requires earliness and blemish-free produce for several days postharvest.

20a. Explain why this user represents the typical user in the consortium.

The typical user grows for the fresh market industry. Raised beds are used to decreasePhytophthora problems. Trickie

irrigation is used to prevent blossom end rot, and black plastic for weed control.

OMB Control # 2060-0482



Worksheet 2-A. Methyl Bromide - Use'1997-2000

For EPA Use Only

1D#

If a consortium is submitting this application, all data should reflect the actual data for the consortium.

~

Col A: Formulation of Methyl Bromide

Enter the appropriate data in Col B-M for each formulation, if known, and/or the totals and averages for all formulations. If you enter only the total and
averages for all formulations in the last row of the table, please describe in the comments section the formulations typically used, or the approximate

proportions of the formulations used.

Col B, E, H, K: Actual Area Treated

Enter the total actual area treated. Note: This number should be the total actual area treated by the individual user or total actual area for the entire

consortium, for the year indicated.

Enter the actual total pounds active ingredient (ai) of methyl bromide applied. Note: This number should be the total pounds ai applied by the
individual user or the entire consortium, for the year indicated.

Col D, G, J, M: Actual Average Ibs. ai
Applied per Area

The average application rates in pounds ai of methyl bromide per area are automatically calculated from the previous 2 columns.

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

M

A B c D E F G H | J K L
Formulation of Methyl Bromide 1997 1998 1999 2000
: Total Actual|Actual Total] Average |Total Actual|Actual Totali Average |Total Actual|Actual Total] Average |Total Actual|Actual Total{ Average
Area Ibs. ai of Ibs. ai Area Ibs. ai of Ibs. ai Area Ibs. ai of Ibs. ai Area Ibs. aiof | - Ibs. ai
Treated Methyl |Applied per} Treated Methyl | Applied per| Treated Methyl |Applied per] Treated Methyl | Applied per
Bromide Area Bromide Area Bromide Area Bromide Area
Applied Applied Applied Applied
over 95% methyl bromide
75% methyl bromide, 25% chloropicrin
67% methyl bromide, 33% chloropicrin 568 60970 107.341549 546 58625| 107.371795 546 58625| 107.371795 622 66833| 107.448553
50% methyl bromide, 50% chloropicrin
__% methyl bromide, __ % chloropicrin
__% methyl bromide, __% chioropicrin
Alt formulations of methy! bromide 568 60970] 107.341549 546 58625 107.371795 546 58625} 107.371795 622 66833 107.448553

Comments:

Actual area treated is in acres. Applications were made under plastic with an average bed width of 24",

OMB Control # 2060-0482




Application for Critical Use Exerﬁption of Methyl Bromide
for Use in 2005 in the United States

Economic Summary:

Budgets representative of eight Michigan fresh market vegetable crops were constructed using
grower focus groups. These budgets were compared to the alternative revenue and cost
structures present if no methyl bromide were utilized. In the case of all eight crops, use of
methyl bromide generates higher profits than production without this fumigant.



Application for Criti;:al Use Exemption of Methyl Bromide
for Use in 2005 in the United States

Worksheet 2-D. Met‘hyl Bromide - Use and Costs for 2001

In Michigan fresh market vegetable crops, methyl bromide (MB) is utilized as a component of a
plasticulture system. Fields are prepared with a minimal amount of traditional tillage using
moldboard plows, tandem discs and tractors of 100-140 horsepower. Following this preparation,
a tractor (100 hp) pulls a piece of equipment called a bedder or plastic layer. This equipment
simultaneously forms beds, lays plastic and drip tube and injects MB. This equipment can
usually bed about 1 acre per hour and utilizes a crew of 4 laborers and an equipment operator.
The operating and ownership costs of running this equipment and paying the crew were
calculated to be $98 per acre. It is not possible to separate the application of MB from the
portions of the plasticulture system.

Worksheet 2-C. Methyl Bromide - Crop/Commodity Yield and Gross
Revenue 2001

Eight vegetable crops are included in this application. They are:

Curcubit Crops Solanaceous Crops
’ e Cantaloupe e Eggplant
e Cucumber » e Tomato
e Hard Squash e Green Pepper
e  Watermelon
e Zucchini

Price data for these crops were averaged across quality grades and seasonal differences. Use of
MB does facilitate earlier harvests because it has a shorter spring waiting period than
alternatives. Methyl bromide also supports growth of a healthier, more vigorous plant. On
‘average, crops produced with methyl bromide bring a higher price because they can be marketed
in more timely manner, taking advantage of early high prices. In addition, a larger percentage of
product can be marketed in quality and size grades that bring a higher price.

Worksheet 2-E. Methyl Bromide - Other Operating Costs for 2001
Methodology and Assumptions for Budgets Provided in Place of Worksheet 2-E.

The budgets for the eight crops included in this application were developed using grower focus
groups with a good knowledge of the industry and good field, enterprise, and financial records.
The process was initiated by defining individual production systems representative of Michigan.
Subsequently, both the sequence of decisions and the information necessary to make these key
decisions was collected. This process resulted in a list of inputs and input prices that were then
translated into costs. These costs were verified against grower records. These budgets reproduce,
as completely as possible, all costs incurred by growers.



Below are comments about the methods used in particular areas of each budget.

Costs of Capital Services (Buildings, Machinery, and Equipment)

Estimating the annual cost of using buildings, machinery, equipment and other assets is a
challenge in cost of production studies. Buildings, machinery and services were priced to the
enterprise on a "custom"” basis. Further, services such as land preparation were priced to the
enterprise as a "bundled” service/task reflecting both the machinery and labor components of the
service.

This approach requires some judgment because costs such as buildings to house machinery and
equipment, the farm shop, and labor used in maintenance of machinery and equipment must be
included in the "custom fee" as well as the "depreciation and interest" on the machinery and
equipment. The fact that this custom fee approach was used does not imply that custom operators
did all the tasks. It simply means the tasks are priced to the enterprise as if a custom operator
had completed them. The services may well have been provided by the "machinery services
enterprise” of the farm. As a double check, members of the focus group attempted to compare
the aggregate custom fee costs to those based on their accounting records which included labor,
custom fees, and depreciation and interest on buildings, machinery, and equipment. Custom fees
were also double-checked against survey information when available.

Worksheet 2-F. Methyl Bromide Fixed and Overhead Costs in 2001

Fixed costs including management and supervision, insurance and other overhead were allocated
equally across an entity’s total vegetable acres. In the case of management and labor,
adjustments were made to account for increased time demands of crops with a more complex
biological or production cyce.
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Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revenue 19972000

For EPA Use Only
1D#

If a consortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this

Col. A: Year

Be sure to enter the year. Use as many rows as needed for each year for all the crops/commodities in the fumigation cycles from 1997 to

Col. B: Crop/Commodity

Enter all crops/commadities that benefit from methyl bromide in each fumigation cycle. (For example, if normally methy! bromide is applied
If someone other than the applicant benefits from the application of methyi bromide in the fumigation cycle and you do not have the

Col. C: Unit of

Enter the unit of measurement for each crop/commodity.

Col. D: Crop/Commodity Yield

Enter the number of units of crop/commodities produced per area.

Col. E: Price

Enter the average prices received by the users for the year and crop/commaodity indicated (1997-2000).

Col. F: Revenue

This number is calculated automaticaily using the values you entered in Cols. D and E. You may override the formula to enter a different

Total Revenue for 1997-2000

Enter the total revenue per year by adding the revenue for all crops for that year.

Average Revenue per Year:

The average revenue per vear is calculated automatically using the summary data you enter for each year,

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A B C D E F
Year Crop/Commodity Unit of Crop/Commodity Price Revenue
Methy! Bromide Crop/Commodity Yield (per unit of crop/commodity) (per area)
was Applied (e.g., pounds, bushels) (Units per area)
1997 Canteloupe 700 Ib bin 53 ' $ 125.00 $ 6,625.00
1998} Canteloupe 700 Ib bin 53 $ 120.00 $ 6,360.00
1999(Canteloupe 700 Ib bin 53 $ 110.00 $ 5,830.00
2000{Canteloupe 700 Ib bin 53 $ 90.00 $ 4,770.00
.p #VALUE!
) $ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
Total Revenue for 1997 $ 6,625.00
Total Revenue for 1998 $ 6,360.00
Total Revenue for 1999 $ 5,830.00
Total Revenue for 2000 $ 4,770.00
Average Revenue Per Year $ 5,896.25

Comments:

OMB Control # 2060-0482




Michigan Cantalouple
WITH Methyl Bromide

Michigan Cantalouple
WITHOUT Methyl Bromide

Price per Total per Price per Total per
Quantity  Unit Unit Acre Quantity  Unit Unit Acre
Revenue Revenue
Cantaloupe 57 700mbin $ 90.00 $ 5,130 Cantaloupe 34 700bbin $ 8500 $ 2,907
Total Revenue $ 5,130 Total Revenue $ 2,907
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machinery & Labor) $ 13
Soil Test $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertiizer (Materials) $ 100 Fertilizer (Materials) $ 100
Apply & incorporate Fertilizer (Machinery & Labor) $ 20 Apply & Incorporate Fertilizer (Machinery & Labor) $ 20
Plastic & Drip Tape (Materials) $ 284 Piastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $ .98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) ' ’ $ 341 Fumigate (Materials)
Herbicide, Insecticide & Fungicide (Materials) $ 183 Herbicide, Insecticide & Fungicide (Materials) $ 253
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 78 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 90
Plant & Grow Plant & Grow
Transplants $ 435 Transplants $ 435
Planting (Machinery & Labor) $ 65 Planting (Machinery & Labor) $ 65
Cultivate, Hoe & Move Vines (Mach & Lab) $ 108 Cultivate, Hoe & Move Vines (Mach & Lab) $ 143
Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207 Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207
Pollination (Bees) $ 35 Pollination (Bees) $ 35
Scouting & Lab Work $ 30 Scouting & Lab Work $ 30
Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7 Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7
Harvest Harvest
Pick Crop (Field to Packing Shed) 3 855 Pick Crop (Field to Packing Shed) $ 513
Grading & Packing (includes shipping containers) $ 713 " Grading & Packing (includes shipping containers) $ 428
Shipping (includes Materials, Machinery & Labor) $ 71 Shipping (Includes Materials, Machinery & Labor) $ 43
Sales & Marketing 9%  of gross $ 462 Sales & Marketing 9%  ofgross $ 262
Field Clean-up $ 112 Field Clean-up $ 112
Management & Supervision $ 75 Management & Supervision $ 75
Interest on Operating Capital 8% $ 103 Interest on Operating Capital 8% $ 58
Land Rent $ 200 Land Rent $ 200
Insurance $ 8 Insurance $ 8
Other Overhead (Professional Fees, Education & Travel, etc) $ 10 Other Overhead (Professional Fees, Education & Travel, etc) $ 10
Total Expenses $ 4,626 Total Expenses $ 3,502
PROFIT $ 504 PROFIT $ (595)




Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revénue 1997-2000

FOr cFA Use nly
ID#

If a consortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this
form to accommodate differences in operations when providing gross revenue data.

Col. A: Year

applied.

Be sure to enter the year. Use as many rows as needed for each year for alt the crops/commaodities in the fumigation cycles from 1997 to
2000. If a fumigation cycle overlaps more than one calendar year, then the year of the fumigation cycle is the year methyl bromide was

Col. B: Crop/Commodity

cycle.

Enter all crops/commodities that benefit from methy! bromide in each fumigation cycle. (For example, if normally methyl bromide is applied
and tomatoes are grown and harvested followed by peppers without an additional treatment of methyl bromide, then both tomatoes and
peppers would be part of the same fumigation cycle.) See the Fumigation Cycle Worksheet for a comprehensive definition of the fumigation

If someone other than the applicant benefits from the application of methyl bromide in the fumigation cycle and you do not have the
quantitative data for the crops grown on the same land, please indicate so in the comments section below.

Col. C: Unit of
Crop/Commodity

Enter the unit of measurement for each crop/commaodity.

Col. D: Crop/Commodity Yield

Enter the number of units of crop/commodities produced per area.

Col. E: Price

Enter the average prices received by the users for the year and crop/commodity indicated (1997-2000).

Col. F: Revenue

This number is calculated automatically using the values you entered in Cols. D and E. You may override the formula to enter a different
revenue. Please explain why the revenue amount is different in the comment section below.

Total Revenue for 1997-2000

Enter the total revenue per year by adding the revenue for all crops for that year.

Average Revenue per Year:

The average revenue per year is calculated automatically using the summary data you enter for each year.

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A B C D E £
Year Crop/Commodity Unit of Crop/Commodity Price Revenue
Methy! Bromide Crop/Commodity Yield (per unit of crop/commodity) (per area)
was Applied (e.g., pounds, bushels) (Units per area)
1997 Cucumber 1 1/9 Bushel boxes 750 | $ 11.31 $ 8,480.77
1998|Cucumber 1 1/9 Bushel boxes 800 $ 13.02 $ 10,417.58
1999{Cucumber 1 1/9 Bushe! boxes 825 $ 9.79 $ 8,077.75
2000]|Cucumber 1 1/9 Bushel boxes 900 $ 10.82 $ 9,741.76
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
b 0.00
. $ 0.00
Total Revenue for 1997 $ 8,480.77
Total Revenue for 1998 $ 10,417.58
Total Revenue for 1999 $ 8,077.75
Total Revenue for.2000 $ 9,741.76
Average Revenue Per Year $ 9,179.46
Comments:

OMB Control # 2060-0482




Michigan Cucumber
WITH Methyl Bromide

Michigan Cucumber
WITHOUT Methyl Bromide

Price per Total per Price per Total per
Quantity  Unit Unit Acre Quantity  Unit Unit Acre
Revenue 11/9 bu Revenue 1119 bu
Cucumber 1,025 boxes $ 1222 $ 12,525 Cucumber 6150 boxes $ 1022 § 6,285
Total Revenue $ 12,525 Total Revenue $ 6,285
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machinery & Labor) $ 13
Soil Test , $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ 100 Fertilizer (Materials) $ 100
Apply & Incorporate Fertilizer (Machinery & Labor) $ 20 Apply & Incorporate Fertilizer (Machinery & Labor) $ 20
Plastic & Drip Tape (Materials) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $ 98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materiats) $ 341 Fumigate (Materials)
Herbicide, Insecticide & Fungicide (Materials) $ 183 Herbicide, Insecticide & Fungicide (Materials) $ 253
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 54 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 54
Plant & Grow Plant & Grow
Transplants $ 813 Transplants $ 813
Planting (Machinery & Labor) $ 65 Planting (Machinery & Labor) $ 65
Cuitivate, Hoe & Move Vines (Mach & Lab) $ 108 Cultivate, Hoe & Move Vines (Mach & Lab) $ 143
Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207 Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207
Pollination (Bees) $ 35 Pollination (Bees) $ 35
Scouting & Lab Work $ 30 Scouting & Lab Work $ 30
Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7 Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7
Harvest Harvest
Pick Crop (Field to Packing Shed) $ 1,230 Pick Crop (Field to Packing Shed) $ 738
Grading & Packing (Includes shipping containers) $ 3,065 Grading & Packing (includes shipping containers) $ 1,839
Shipping (Includes Materials, Machinery & Labor) $ 513 Shipping (includes Materials, Machinery & Labor) $ 308
Field Clean-up $ 112 Field Clean-up ' $ 112
Sales & Marketing 9%  of gross $ 1,127 Sales & Marketing 9%  ofgross $ 566
Management & Supervision $ 75 Management & Supervision $ 75
Interest on Operating Capital 8% 3 251 Interest on Operating Capital 8% $ 126
Land Rent : $ 200 Land Rent $ 200
Insurance $ 8 Insurance $ 8
Other Qverhead (Professional Fees, Education & Travel, etc) $ 10 Other Overhead (Professional Fees, Education & Travel, etc) $ 10
Total Expenses $ 8,963 Total Expenses $ 6,117
PROEIT 3,562 PROFIT $ 168
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For EPA Use Only
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Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revenue 1997-2000

If a consortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this

Col. A: Year Be sure to enter the year. Use as many rows as needed for each year Tor all the crops/commodities in the fumigation cycles from 1997 to
Col. B: Crop/Commodity Enter all crops/commodities that benefit from methyl bromide in each fumigation cycle. (For example, if normally methyl bromide is applied
] If someone other than the applicant benefits from the application of methy! bromide in the fumigation cycle and you do not have the
Col. C: Unit of Enter the unit of measurement for each crop/commodity.
Col. D: Crop/Commodity Yield Enter the number of units of crop/commodities produced per area.
Col. E: Price Enter the average prices received by the users for the year and crop/commodity indicated (1997-2000).
Col. F: Revenue This number is calculated automatically using the values you entered in Cols. D and E. You may override the formula to enter a different
Total Revenue for 1997-2000 Enter the total revenue per year by adding the revenue for all crops for that year.
Average Revenue per Year: The average revenue per vear is calculated automatically using the summary data you enter for each year.
Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.
A B C D E F
Year Crop/Commodity Unit of Crop/Commodity Price Revenue
Methyl Bromide Crop/Commodity Yield (per unit of crop/commaodity) (per area)
was Applied (e.g., pounds, bushels) {Units per area)
1997 {Hard Squash Bushe! (60 Ibs.) . 300 $ 6.54 $ 1,963.19
1998|Hard Squash Bushel (60 Ibs.) 300 $ 6.54 $ 1,963.18
1999|Hard Squash Bushel (60 Ibs.) 500 $ 8.74 $ 4,370.88
2000(Hard Sauash Bushel (60 Ibs.) 500 $ 11.90 b 5,947.80
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
0.00
b 0.00
Total Revenue for 1997 $ 1,963.19
Total Revenue for 1998 $ 1,963.19
Total Revenue for 1999 $ 4,370.88
Total Revenue for 2000 $ 5,947.80
Average Revenue Per Year $ 3,561.26
Comments: .

OMB Control # 2060-0482




Michigan Winter Squash
WITH Methyl Bromide’

Michigan Winter Squash
WITHOUT Methyl Bromide

Price per Total per Price per Total per
Quantity _ Unit Unit Acre Quantity  Unit Unit Acre
Revenue Revenue
Winter Squash 500 bu $ 1034 $ 5,168 Winter Squash 37 bu § 709 $ 2,660
Total Revenue $ 5,168 Total Revenue $ 2,660
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machinery & Labor) $ 13
Field Tillage (Moldboard plow, Disc twice) $ 39 ‘Field Tillage (Moldboard plow, Disc twice) $ '+ 39
Soil Test $ 2 Soil Test 3 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ 75 Fertilizer (Materials) $ 75
Apply & Incorporate Fertilizer (Machinery & Labor) $ 20 Apply & Incorporate Fertilizer (Machinery & Labor) $ 20
Plastic & Drip Tape (Materials) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape {Machinery & Labor) $ 98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) $ 341 Fumigate (Materiais)
Herbicide, Insecticide & Fungicide (Materials) $ 325 Herbicide, Insecticide & Fungicide (Materials) $ 403
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 54 Apply Herbicide, Insecticide & Fungicide {Mach & Lab) $ 60
Plant & Grow Plant & Grow
Transplants $ 442 Transplants $ 442
Planting (Machinery & Labor) $ 65 Planting (Machinery & Labor) $ 65
Cultivate, Hoe & Move Vines (Mach & Lab) $ 53 Cultivate, Hoe & Move Vines (Mach & Lab) $ 68
Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207 Drip lrrigate & Fertigate (Materials, Labor & Electricity) $ 207
Pollination (Bees) $ 35 Pollination (Bees) $ 35
Scouting & Lab Work $ 30 Scouting & Lab Work $ 30
Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7 Field Maintenance - Driveways & Mowing (Mach & Lab) $ 7
Harvest Harvest
Pick Crop (Field to Packing Shed) $ 450 Pick Crop (Field ‘to Packing Shed) $ 338
Grading & Packing (Includes shipping containers) $ 1,145 Grading & Packing (Includes shipping containers) $ 859
Shipping (includes Materials, Machinery & Labor) $ 250 Shipping (Includes Materials, Machinery & Labor) $ 188
Sales & Marketing 9%  ofgross $ 465 Sales & Marketing 9%  of gross $ 239
Field Clean-up $ 112 Field Clean-up $ 112
Management & Supervision $ 70 Management & Supervision $ 70
interest on Operating Capital 8% $ 103 Interest on Operating Capital 8% $ 53
Land Rent $ 200 Land Rent $ 200
Insurance $ 8 Insurance $ 8
Other Overhead (Professional Fees, Education & Travel, etc) $ 10 Other Overhead (Professional Fees, Education & Travel, etc) $ 10
Total Expenses $ 4,917 Total Expenses '[ $ 3,938
PROFIT $ 251 PROFIT $ (1,278)
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Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revenue 1997-2000

If a consortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this

Col. A: Year

Col. B: Crop/Commodity Enter all crops/commodities that benefit from methyl bromide in each fumigation cycle. (For example, if normally methyl bromide is applied

Col. C: Unit of

Enter the unit of measurement for each crop/commodity.

Col. D: Crop/Commodity Yield Enter the number of units of crop/commodities produced per area.

Col. E: Price

Enter the average prices received by the users for the year and crop/commodity indicated (1997-2000).

Col. F: Revenue

This number is calculated automatically using the values you entered in Cals, D and E. You may override the formula to enter a different

Total Revenue for 1997-2000 Enter the total revenue per year by adding the revenue for all crops for that year.
Average Revenue per Year: The average revenue per vear is calculated automatically using the summary data you enter for each year.
Area is defined below as foliows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.
A B C D E F
Year Crop/Commodity Unit of Crop/Commodity Price Revenue
Methy! Bromide Crop/Commodity Yield (per unit of crop/commodity) (per area)
was Applied (e-g., pounds, bushels) (Units per area)
1997 |Watermelon - Seeded pound 12,000 $ 0.09 $ 1,080.00
1997 Watermelon - Seedless pound 42,000 $ 0.15 $ 6,090.00
L 1998{Watermelon - Seeded pound 12,000 $ 0.10 $ 1,200.00
1998 Watermelon - Seedless pound 42,000 $ 0.13 $ 5,460.00
[ 1993|Watermelon - Seeded pound 12,000 $ 0.10 $ 1,140.00
1999 Watermelon - Seedless pound 42,000 $ 0.13 5,460.00
2000|Watermelon - Seeded ound 12,000 $ 0.11 $ 1,320.00
2000|Watermelon - Seedless pound 42,000 $ 0.11 $ 4,620.00
b 0.00
$ 0.00
$ 0.00
$ 0.00
Total Revenue for 1997 $ 7,170.00
Total Revenue for 1998 $ 6,660.00
Total Revenue for 1999 $ 6,600.00
| _Total Revenue for 2000 $ 5,940.00
Average Revenue Per Year $ 6,592.50
Comments:

OMB Control # 2060-0482




- Michigan Watermelon
WITH Methyl Bromide

Michigan Watermelon
WITHOUT Methy! Bromide

Price per Total per Price per Total per
Quantity Unit Unit Acre Quantity  Unit Unit Acre
Revenue Revenue |
Seedless 42,000 b $§ 013 §$ 5,460 Seedless 29,400 b $ 013 $ 3,822
Seeded 12,000 b $ 012 § 1,440 Seeded 8,400 b $ 012 $ 1,008
Total Revenue $ 6,900 Total Revenue $ 4,830
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machinery & Labor) $ 13
Field Tillage (Moldboard plow, Disc twice) $ 39 Field Tillage (Moldboard plow, Disc twice) $ 39
Soil Test $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ 121 Fertilizer (Materials) $ 121
Apply & Incorporate Fertilizer (Machinery & Labor) $ 20 Apply & Incorporate Fertilizer (Machinery & Labor) 3 20
Plastic & Drip Tape (Materials) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $. 98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) $ 341 Fumigate (Materials) .
Herbicide, Insecticide & Fungicide (Materials) $ 280 Herbicide, Insecticide & Fungicide (Materials) $ 405
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 48 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 66
Plant & Grow : Plant & Grow
Seeds (Seedless & Seeded) $ 173. Seeds (Seedless & Seeded) $ 173
Growing Seeds $ 144 Growing Seeds $ 144
Planting $ 65 Planting $ 65
Cultivate, Hoe & Move Vines (Mach & Lab) $ 62 Cultivate, Hoe & Move Vines (Mach & Lab) $ 162
Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207 Drip Irrigate & Fertigate (Materials, Labor & Electricity) $ 207
Pollination (Bees) $ 54 Pollination (Bees) $ 54
Scouting & Lab Work $ 30 Scouting & Lab Work $ 30
Field Maintenance - Driveways & Mowing (Mach & Lab) 7 Field Maintenance - Driveways & Mowing (Mach & Lab) 7
Harvest Harvest
Pick Crop (Field to Packing Shed) $ 900 Pick Crop (Field to Packing Shed) $ 630
Grading & Packing (Includes shipping containers) $ 300 Grading & Packing (Includes shipping containers) $ 210
Shipping (Includes Materials, Machinery & Labor) $ 75 Packing Shed, Equip & Crew $ 53
Sales & Marketing 9% ofgross $ 621 Sales & Marketing 9% of gross $ 435
Field Clean-up $ 112 Field Clean-up $ 112
Management & Supervision (Includes pickup) $ 85 Management & Supervision (Inciudes pickup) $ 85
Interest on Operating Capital 8% $ 138 Interest on Operating Capital 8% $ 97
Land Rent $ 200 Land Rent $ 200
Insurance $ 8 Insurance $ 8
Other Overhead (Professional Fees, Education & Travel, efc) $ 10 Other Overhead (Professional Fees, Education & Travel, etc) $ 10
Total Expenses $ 4,450 Total Expenses $ 3,742
PROEIT $ 2,450 PROFIT $ 1,088
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Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revenue 1997-2000

If a consortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this

Col. A: Year Be sure fo enter the year. Use as many rows as needed for each year for all the crops/commodities in the fumigation cycles from 1997 to
Col. B: Crop/Commodity Enter all crops/commodities that benefit from methy! bromide in each fumigation cycle. (For example, if normally methyl bromide is applied
If someone other than the applicant benefits from the application of methyl bromide in the fumigation cycle and you do not have the
Col. C: Unit of Enter the unit of measurement for each crop/commodity.
Col. D: Crop/Commodity Yield Enter the number of units of crop/commaodities produced per area.
Col. E: Price Enter the average prices received by the users for the year and crop/commodity indicated (1997-2000).
Col. F: Revenue This number is calculated automatically using the values you entered in Cols. D and E. You may override the formula to enter a different
Total Revenue for 1997-2000 Enter the total revenue per year by adding the revenue for all crops for that year.
Average Revenue per Year: The average revenue per year is calculated automatically using the summary data you enter for each vear.
Area is defined below as follows for each user. acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.
A B C D E F
Year Crop/Commodity Unit of Crop/Commodity Price Revenue
Methy! Bromide Crop/Commodity Yield (per unit of crop/commodity) (per area)
was Applied (e.g., pounds, bushels) (Units per area)
1997 { Zucchini 1/2 Bushel (20 Ibs.) 750 $ 462 |$ 3,465.66
1998} Zucchini 1/2 Bushel (20 Ibs.) 750 $462 9% 3,465.66
1999 Zucchini 1/2 Bushel (20 Ibs.) 1000 $ 607 | % 6,071.43
2000|Zucchini 1/2 Bushel (20 Ibs.) 1000 $ 59 |$ 5,994.51
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
0.00
$ 0.00
| Total Revenue for 1997 $ 3,465.66
" Total Revenue for 1998 $ 3,465.66
Total Revenue for 1999 $ 6,071.43
Total Revenue for 2000 $ 5,994.51
Average Revenue Per Year $ 4,749.31
Comments: .

OMB Control # 2060-0482




Michigan Zucchini
WITH Methy! Bromide

Michigan Zucchini
WITHOUT Methyl Bromide

Price per Total per | Price per Total per
Quantity  Unit Unit Acre Quantity | Unit Acre
Revenue Revenue
Zucchini 1200 12bu $ 599 % 7,193 Zucchini 720 12bu $ 545 $ 3,920
Total Revenue $ 7,193 Total Revenue $ 3,920
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machinery & Labor) $ 13
Field Tillage (Moldboard plow, Disc twice) $ 39 Field Tillage (Moldboard plow, Disc twice) $ 39
Soil Test $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ 75 Fertilizer (Materials) $ 75
Apply & Incorporate Fertilizer (Machinery & Labor) $ . 20 Apply & Incorpaorate Fertilizer (Machinery & Labor) $ 20
Plastic & Drip Tape (Materials) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $ 98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) $ 341 Fumigate (Materials)
Herbicide, Insecticide & Fungicide (Materials) $ 190 Herbicide, Insecticide & Fungicide (Materials) $ 252
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 42 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 54
Plant & Grow ) Plant & Grow .
Transplants $- 442 Transplants. $ 442
Planting (Machinery & Labor) $ 65 Planting (Machinery & Labor) $ 65
-Cultivate, Hoe & Move Vines (Mach & Lab) $ 53 Cultivate, Hoe & Move Vines (Mach & Lab) $ 53
Drip Irrigate & Fertigate (Materials, Labor & Electricity) ~ $ 207 Drip lrrigate & Fertigate (Materials, Labor & Electricity) ~ $ 207
Pollination (Bees) $ 35 Pollination (Bees) $ 35
Scouting & Lab Work $ 30 Scouting & Lab Work $ 30
Field Maintenance - Driveways & Mowing (Mach & Lz $ 7 Field Maintenance - Driveways & Mowing (Mach &Lz $ 7
Harvest Harvest
Pick Crop (Field to Packing Shed) $ 1,440 Pick Crop (Field to Packing Shed) $ 864
Grading & Packing (Includes shipping containers) $ 3,588 Grading & Packing (Includes shipping containers) $ 2,153
Shipping (includes Materials, Machinery & Labor) $ 600 Shipping (Includes Materials, Machinery & Labor) $ 360
Sales & Marketing 9% of gross $ 647 Sales & Marketing 9% of gross $ 353
Field Clean-up $ 112 Field Clean-up $ 112
Management & Supervision $ 75 Management & Supervision $ 75
Interest on Operating Capital 8% $ 144 Interest on Operating Capital 8% $ 78
Land Rent $ 200 Land Rent $ 200
Insurance $ 8 Insurance $ 8
Other Overhead (Professional Fees, Education & Travel, etc)  $ 10 Other Overhead (Professional Fees, Education & Travel, etc) $ 10
Total Expenses $ 8,781 Total Expenses $ 5,903
PROFIT $ (1,587) PROFIT $ (1,982)
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Worksheet 3-A(1). Alternatives - Technical Feasibility of Alternatives to Methyl B

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page} is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number,
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1296.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research R
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin Study: UNEP 1998, B-83, B-281

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(1). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one aiternative, list the ones you wish to discuss.

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool? ’
The studies listed in UNEP 1988 B-83, B-281 do not indicate that these treatments are effective against P. capsici.

In contrast, many studies indicate that the alternatives of chloropicrin and 1,3-Dichloropropene are not effective.

OMB Contro! # 2060-0482
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Worksheet 3-A(1)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and.circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such’ as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional f.ages as needed.

Alternative: 1,3-Dichloropropene, Chioropicrin  Study: Evaluation of fungicides for managing Phytophthora

crown and fruit rot of zucchini, 2000.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps )
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il.
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Worksheet 3-A(1)(b). Alternafives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? . Yes No X
1a. If not on the EPA website, blease attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
S.D. Linderman

3. Publication and Date of Publication Michigan State University Report, 2001

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35 (1,3-Dichloropropene, chloropicrin)

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controlling pests in the study.
The treatments of Telone C-35 did not offer significant control compared to the untreated control.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
‘factors that would affect your adoption of this tool?

These results are directly applicable to the growing situation in Michigan, USA. It was conducted on the farm of a

commercial grower.

OMB Control # 2060-0482



Worksheet 3-A(1)(b)

ZUCCHINI (Cucurbita Pepo var. Melopepo cv. ‘Zucchini’ ‘Dividend’) M.K. Hausbeck, B.D. Cortright, and S.D. Linderman
Phytophthora crown and fruit rot; Phytophthora capsici Department of Botany and Plant Pathology
Michigan State University
East Lansing, Michigan 48824

EVALUATION OF FUNGICIDES FOR MANAGING PHYTOPHTHORA CROWN AND FRUIT ROT OF
ZUCCHINI, 2000: This study was conducted at a cooperator’s farm in Cass County, Michigan on a sandy clay loam soil
known to have a history of Phytophthora, and previously planted to squash. The field was cultivated, bedded, covered with
plastic, and drip irrigation installed. Zucchini ‘Dividend” was sown on 17 Jun. Plots consisted of one 50-ft row, with 5 ft
between rows and 15 in between plants. Weed control, irrigation and fertilization were applied by the grower. Insects were
controlled with applications of Provado (3.75 fl 0z/A on 23 Jun and 17 Jul), Asana (8 fl 0z/A on 27 Jul and 9 Aug), and
Endosulfan (32 fl 0z/A on 17 Jul). Nova 40WP (5 0z/A) was applied on 27 Jul and 9 Aug for control of powdery mildew.
Four treatments were replicated four times in a random rows. Fungicide sprays were applied with a CO, backpack boom
sprayer equipped with three 11003 nozzles spaced 18 in apart, operating at 60 psi and delivering 50 gal/A. Telone C-35 was
applied at bed formation. Acrobat MZ (2.25 1b/A) was appliec to replicates 3 and 4 on 25 Jul and 3 Aug. Treatments (except
Telone C-35) were applied through the drip irrigation on 5 and 24 Jul. Fruits from the center 5 plants of the treatment row
were harvested and weighed three times a week from 27 Jul through 30 Aug, for a total of 15 harvests. Number of infected
and total fruit was recorded at harvest and after four days storage at room temperature. Stand count was recorded on 25 Aug.

There were no significant differences among treatments for_a_r;y f)arameter measured.

Fruit number
Treatment and rate/A, applied at f(t)irﬁ & ’f ota! ht
14-day intervals except fumigant Infected Total’ ruit weig
8/25 postharvest' (%) ota (Ib)
Untreated® . .. .....ooooeieeann . 32.8* 115 39.0 371
UltraFlourish 2 pt ................ 36.8 11.6 42.3 38.7
Telone C-35 at bed formation ....... 343 9.9 38.8 36.3

'Stored four days at room temperature; there were significant differences between replicates (Fisher LSD Method; P=0.05).
2Combined total of 15 harvests; fruit harvested when approximately 12 inches long. ’
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Worksheet 3-A(1)(c). Alterri;tives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 8 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 34A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest conirol measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research ' o
(2) Cite research that has been conducted by others

(3) C/ite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Ali results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

"The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

. EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin  Study: Evaluation of fumigants for managing Phytophthora

crown and fruit rot of summer squash, 1998.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section |l.
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Worksheet 3-A(1)(c). Alternatives - Technical Feasibility of AIternétives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Meth‘.,‘yl Bromide

1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
S.D. Linderman

3. Publication and Date of Publication Michigan State University Report, 1999

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.
Telone C-35, Telone C-17 (1,3-Dichloropropene, chloropicrin)

6. Was crop yield measured in the study? Yes X No
% diseased fruit

7. Describe the effectiveness of the alternative in controlling pests in the study.
The most effective treatment still had over 50% diseased fruit, which is not commercially acceptable.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool?

This study is directly applicable, because it was conducted in Michigan, USA on a commercial farm.

OMB Control # 2060-0482



Worksheet 3-A(1)(c)

SUMMER SQUASH (Curcurbita Pepo 'Seneca Prolific’) M.K. Hausbeck, B.D. Cortright, and S.D. Linderman

Phytophthora Crown and Fruit Rot; Phytophthora capsici Department of Botany and Plant Pathology
Michigan State University
East Lansing, Michigan 48824

EVALUATION OF FUMIGANTS FOR MANAGING PHYTOPHTHORA CROWN AND FRUIT ROT OF SUMMER
SQUASH, 1998: This study was conducted at a cooperator's farm in Cass County, Michigan, on a sandy loam soil known to
have disease problems, and previously planted to pumpkin. The field was prepared by plowing, and disking. Fumigant
treatments were broadcast on 21 May. The field was bedded, and plugs of summer squash 'Seneca Prolific' were transplanted
into holes in the plastic-covered beds. Fertilizer was sidedressed on 24 Jun at 300 Ib/A of 6-24-24 and 100 Ib/A of 46-0-0.
Plots consisted of three 40-ft rows spaced 16 ft apart with a 10-ft wide buffer strip between plots. Treatments were replicated
six times in a randomized complete block design. Visual estimations of percentages of diseased plants and diseased fruit were

taken on 3 and 12 Aug.

There were no statistical differences in diseased plants among treatments; however, Telone C17 15 gal/A had the least
percentage of diseased plants on both observation dates, while Telone C35 10 gal/A had the most percentage of diseased
plants. When comparing percentages of diseased fruit, Telone C17 15 gal/A had the least on the first observation date, and by
the last observation date of 12 Aug, it had significantly less diseased fruit than any other treatment or the untreated control.
However, none of the treatments offereda level of control that was commercially acceptable, since more than half of the fruit

were infected.

Treatment and rate Diseased plants (%) Diseased fruit (%)

8/3 8/12 8/3 8/12
Untreated ................ 9.3% 90.8 32,0 86.7 b
Telone C17 15 gal/A ... ... 5.7 745 5.2 53.1 a
Telone C35 10 gal/lA ... ... 22.8 100.3 323 96.0 b
Telone C35 15 gal/A ....... 203 82.5 26.7 742 b
Telone C3520 gal/A . ...... 17.8 86.6 349 80.5 b

'Based on a visual estimation of percentage of plant affected.
?Based on a visual estimation of percentage of fruits infected.
3Column means with a letter in common or with no letters are not significantly different (Student-Newman-Keuls; P=0.05).
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Worksheet 3-A(1)(d). Altern‘étives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should addres§ why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section i, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible -
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research N
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whett{er you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA uniess they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly availabie. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin Study: Evaluation of fumigants for managing Fusarium

wilt of muskmelon, 1998.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(1)(d). Alternatives - Technical Feasibility of Alternatives to Méthyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
S.D. Linderman

3. Publication and Date of Publication Michigan State University report, 1999

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Telone C-17 (1,3-Dichloropropene, chloropicrin)

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Telone C-17 and C-35 were not effective in limiting crown and rootrot. .~

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool? ‘

This study is directly applicable, because it was conducted on a commercial farm in Michigan, USA.

OMB Control # 2060-0482



Worksheet 3-A(1)(d)

MUSKMELON (Cucumis Melo var. reticulatus 'Quaisar’, 'Superstar', M.K. Hausbeck, B.D. Cortright, and S.D. Linderman
"Rogers ML529Z") Department of Botany and Plant Pathology
Fusarium Wilt; Fusarium oxysporum f. sp. cucurbitacearum Michigan State University
East Lansing, Michigan 48824

EVALUATION OF FUMIGANTS FOR MANAGING FUSARIUM WILT OF MUSKMELON, 1998: This study was
conducted at a cooperator's farm in Monroe County, Michigan, on a clay loam field known to have disease problems that was
previously planted to melons. The field was prepared by plowing and disking. Fumigant treatments (except Methyl Bromide)
were broadcast on 18 May. Methyl Bromide was in-row injected, and the field was bedded on 1 Jun. Plugs of three cultivars
of muskmelon were transplanted into holes in the plastic-covered beds. Plots consisted of 5-ft rows with 5-ft wide buffer
strips between rows. Rows were spaced 6 ft apart with 3.5 ft between plants. Treatments were replicated six times in a
randomized complete block design. The field was fertilized to commercial production standards. Stand counts were taken,
and plant vigor assessed on 6 Jul. Percent infection was assessed on 11 Aug.

Treatment with methyl bromide completely prevented infection of the muskmelon by Fusarium oxysporum £. sp.
cucurbitacearum. All other treatments resulted in a minimum of 20% of the plants becoming infected.

Treatment and rate 3 : Infection (%)
- 8/11 -
Untreated . ... ...t e 44.0
Telone C17 15 ga!/é ........................................... 22.0
Telone C35 10 gal/A .. .. o 29.0
Telone C35 1S gal/A ... o 20.0 .o
Methyl Bromide 6733 200-275 Ib/A ... ... ... ... .. i 0.0 )

'Based on a scale of 1-5 where 1=poor growth, dead; to S=green, healthy.
*Based on visual estimation of percentage of plant affected.
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Worksheet 3-A(1)(e). Alternatives - Te&hnical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){(a). For the

same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, fabel
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section ll, if you cite a study that is on the E:PA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Ill. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hitp://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

s/
Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.
The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin _ Study: Evaluation of fungicides for managing Phytophthora

crown and fruit rot of zucchini, 2001.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(1)(e). Alternatives - Technical Feasibility of Altefnatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Michigan State University report, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35 (1,3-Dichloropropene, chloropicrin)

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controlling pests in the study.
Telone C-35 did not provide a benefit compared fo the untreated control.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool?

This study is directly applicable to the current situation in Michigan, USA, since it was conducted with a commercial

grower.

OMB Control # 2060-0482



Worksheet 3-A(1)(e)

ZUCCHINI (Cucurbita Pepo var. Melopepo cv. ‘Zucchini’ ‘Spineless Beauty’)
Phytophthora crown and fruit rot; Phytophthora capsici

Evaluation of fungicides for managing Phytophthora crown and fruit rot of zucchini, 2001.

M.K. Hausbeck, and B.D. Cortright
Department of Plant Pathology
Michigan State University

East Lansing, Michigan 48824

This study was conducted at a cooperator’s farm in Cass County, Michigan on a sandy clay loam soil known to have a
history of Phytophthora, and previously planted to squash. The field was cultivated, bedded, covered with plastic, and drip
irrigation installed. Zucchini ‘Spineless Beauty’ was sown on 30 May. Plots consisted of one 20-ft row, with 5 ft between
rows and 18 in between plants. Weed control, irrigation and fertilization were applied by the grower. Insects were
controlled with applications of Pounce (8.0 fl 0z/A) and Provado (3.75 fl 0z/A) on 9 Jul. Five treatments were replicated four
times in a random rows. Treatments (except Telone C-35) were applied through the drip irrigation on 19 Jun and 16 Jul.
Fruits from the center 5 plants of the treatment row were harvested and weighed twelve times during the period from 3 Jul
through 30 Jul. Number of infected and total fruit was recorded at harvest and after four days storage at room temperature.

Stand count was recorded on 27 Jul.

There were no significant differences among treatments for any parameter measured.

Treatment and rate/A, applied at Stand ;IN ulrzlhbe; Of fmT ota%
28-day intervals except fumigant count calthy Iruit it weight
7/27 post harvest (Ib)
Untreated . .......... ..o iiiiiiin.. 14.0 27.5 26.1
UltraFlourish2pt ........ ... .. ... ... 13.5 17.3 19.3
Deny2pt . ovveee e 14.0 15.0 17.6
RootGuard Plus 170z .................... 14.0 22.5 26.1
Telone C-35 at bed formation25gal ......... 14.0 11.0 9.8

'Stored four days at room temperature; there were significant differences between replicates (Student Newman Keuls;

P=0.05).

2Combined total of 12 harvests; fruit harvested when approximately 12 inches long.
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Worksheet 3-A(1)(f). Alternatives - Technical Feasibility 6f Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative -Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or &:ite/ studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies curréntly in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasiblc in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin  Study: Alternatives for methyl bromide on watermelon, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.



For EPA Use Only
ID#

Worksheet 3-A(1)(f). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
E. Kerlikowski
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one aiternative, list the ones you wish to discuss.
Telone C-35 (1,3-Dichloropropene, chloropicrin)

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
The plants in the Telone C-35 treatment were stunted, with a reduction in leaf size and canopy, resulting in sunburn

on fruit. The plants in the methyl bromide treatment were full-sized and grew vigorously.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(1)(“g‘j) Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area:) The Agency has developed-g list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research —

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Ali results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowiedges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should.iock at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin _ Study: Alternatives for methyl bromide on cucurbits, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not compiete Section Il
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Worksheet 3-A(1)(g). Alternatives - Technical Feasibility of Alternatives to Methylj:Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Chloropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(2). Alternatives - Technical FeaS|b|I|ty of Alternatives to Methyl B:

In this worksheet, you should address why an alternative pest management strategy on the list (see previous ;
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of wor
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

/

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number,|

the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research -—
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

. /
Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to'your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-D, Metam Sodium, Basamid Study: UNEP 1998, B-281

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Fuli use permitted X
1b. Township caps
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(2). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X : No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
1,3-D, Metam Sodium, Basamid

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool?

The study in UNEP 1998 B-281 indicates that direct injection of metam sodium in bands to soil does not provide
consistent control due to non-uniform distribution in the soil. Also, problems with microorganisms that degrade the

chemical, thereby making it less effective, have been noted.

OMB Control # 2060-0482
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Worksheet 3-A(2)(b). Alternatives - Technical Feasib_viility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alterriative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section ll, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research _—
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourSeIf or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should inciude a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You shouid look at the list of alternatives provided by
the Agency and expiain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-D, Metam Sodium, Basamid Study: Alternatives for methyl bromide on cucurbits and

solanaceous crops, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.
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Worksheet 3-A(2)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, piease attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Muitigard FFA, Multigard Protect, Multigard Protect + Vapam HL, CX-100

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Workshé‘_ét 3-A(2)(c)- Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worlgéheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{(A)(2)(a). For the second
alternative, second research study, label the worksheet 3(A)(2)(b).

When completing Section li, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency-has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research —

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed-on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-D, Metam Sodium ' Study: Alternatives for methyl bromide on cucurbits, 2002.

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(2)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Chioropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(3). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methy! bromide ailternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For tt
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research stud
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section ll, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in/ a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Metam Sodium, Crop Rotation Study: UNEP 1998, B-39, B-74

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this aiternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section |l.
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Worksheet 3-A(3). Alternatives - Technical Fea‘éibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.

Metam Sodium, Crop Rotation

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

/

8. Discuss how the results of the study apply to your situation. Wou!d you expect similar results? Are there other
factors that would affect your adoption of this tool?

The efficacy of crop rotation depends on the life cycle of the pathogen and its ability to overwinter and persist in
soils. Phytophthora capsibi has an overwintering structure called an oospore that is capable of surviving for long
periods of time, thereby negating the benefits of crop rotation. Metam sodium is not considered a good product
against fungi, especially Phytophthora, but rather is used for weed control and for nematode problems. The

rotation suggested in this study primarily lists crops that are susceptible to P. capsici, including pepper, cucumber,

tomato and squash. Using this suggested rotation would exacerbate the disease problem. Therefore, this

alternative would not be effective for Michigan growers.

OMB Control # 2060-0482
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Worksheet 3-A(4). Alternatives -’_'_‘fechnical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number;
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1){c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the s¢
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il, if you cite a study that is on the EPA website, you only need to complete question

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible  —-
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research ——
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether ydu éonduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You shouid look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biofumigation Study: UNEP 1998, B-83, B-41, B-91, B-94

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
. 1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section ll.
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Worksheet 3-A(4). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Biofumigation

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool?

Biofumigation does not readily apply to Michigan's situation. The reasons for this include the lack of evidence that

this treatment works for Phytophthora capsici under Michigan's cool climate. Phytophthora's cospore would not be

killed using biofumigation in Michigan's soils. Beneficial predatory nematodes impo-rtant for biofumigation have not

been identified or quanitified in Michigan's vegetable growing regions.

OMB Control # 2060-0482
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Worksheet 3-A(4)(b). Alternatives - Tech_hical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternafijre pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)Xa). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

Iif you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http:/Awww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work,

(1) Conduct and submit your own research e
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct ‘the/ research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Al results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should ook at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biofumigation Study: Alternatives for methyl bromide on cucurbits and

solanaceous crops, 2002,

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section .
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Worksheet 3-A(4)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Multigard FFA, Multigard Protect, Multigard Protect + Vapam HL, CX-100

6. Was crop yield measured in the study? Yes : No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool? .

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Wd_?ksheet 3-A(4)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In ghis worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A){2)(a). For the second
alternative, second research study, label the worksheet 3-(A)2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) couid be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The-Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research -

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

~In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biofumigation Study: Alternatives for methyl bromide on cucurbits, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.
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Worksheet 3-A(4)(c). Alternatives - Technical Feasibility of 'A,"l'ternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to:-Methyl Bromide

1. Is the study on EPA's website? Yes No X 7

1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.
Telone C-35, Chloropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(5). Alternatives - TechnicaifFeasibiIity of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number;
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)2)(b).

When compileting Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or mor
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Resed:
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hitp://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research -—
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

s

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Solarization Study: UNEP 1995, UNEP 1998, B-83, B-281, A-77, B-91, B-94

Section . Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(5). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Solarization

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there .
other factors that would affect your adoption of this tool?

Solarization of the soil to kill the overwintering spores is not feasible in a northern state where the growing season
is short (May to September), and cold temperatures (<50 F) prevail through much of the year. Also, this
management strategy has not been proven effective for Phyfophthora capsici . )

OMB Contro! # 2060-0482
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Worksheet 3-A(6).'_'AfAIternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you .éhould address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)}2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

if you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. R,

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) co
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed-a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research -—

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged {o review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Steam Study: UNEP 1998, B-83, B-90, B-91, B-282

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.
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Worksheet 3-A(6). Alternatives - Technical Feasibility of Altérnatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Steam

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

z

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

In the studies referenced, steaming has been used in protected production systems, such as greenhouses. The

use of steam has not proven economical and practical when large, unprotected areas are treated. In Michigan

systems, Phytophthora capsic'/' has an airborne spbre that would render the use of steam ineffective.

OMB Control # 2060-0482
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Worksheet 3-A(7). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or lé
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number]
the worksheets as foliows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same ’
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, fabel the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second '
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be us
successfully instead of methyl bromidé by crop and circumstance (geographic area.) The Agency has developed a list ¢
alternative pest control regimens for various crops, which can be found at hitp://www.epa.gov/iozone/mbr or by calling 1

There are three major ways you can provide the Agency with proof of your investigative work.
{#} Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important iha/t the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasibie in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biological Control Study: UNEP 1998, B-83, B-45, B-91, B-92

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(7). Al'tej%natives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing R-ésearch Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? Yes X No
1a. If not on the EPA i)vebsite, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Biological Control

6. Was crop yieid measured in the study? Yes No

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

In the studies described, Phytophthora capsici was not a target pathogen, so they do not apply to Michigan's

sifuation.

OMB Control # 2060-0482
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Worksheet 3-A(7)(b). Alternatives - Technical Feasibility of Alternatives to '.Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see prgilious page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as heed.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)}(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully-instead of methyi bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by dthérs, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the fist of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biologicai Control Study: Evaluation of fungicides for managing Phytophthora

crown and fruit rot of zucchini, 2001.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section 1.
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Worksheet 3-&(7)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on éPA‘s website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck

B.D. Cortright
3. Publication and Date of Publication Michigan State University report, 2001
4. Location of research study Michigan

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Biological Control
Pseudomonas bacterium, Trichoderma harzianum fungus ) —

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controliing pests in the study.
The treatments included in the study were not significantly different from the untreated control. The biocontrot

agents of Pseudomonas and Trichoderma did not offer a benefit compared to the unireated control.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other
factors that would affect your adoption of this tool?

Since this study was conducted in Michigan, the results are directly applicable. Biocontrol agents at this time do not

offer a viable control alternative for Michigan cucurbit growers.

OMB Control # 2060-0482



Worksheet 3-A(7)(b)

ZUCCHINI (Cucurbita Pepo var. Melopépo cv. ‘Zucchini’ ‘Spineless Beauty’) M.K. Hausbeck, and B.D. Cortright
Phytophthora crown and fruit rot; Phjtophthora capsici Department of Plant Pathology
- Michigan State University
East Lansing, Michigan 48824

Evaluation of fungicides for managing Phytophthora crown and fruit rot of zucchini, 2001.

This study was conducted at a cooperator’s farm in Cass County, Michigan on a sandy clay loam soil known to have a
history of Phytophthora, and previously planted to squash. The field was cultivated, bedded, covered with plastic, and drip
irrigation installed. Zucchini ‘Spineless Beauty’ was sown on 30 May. Plots consisted of one 20-ft row, with 5 ft between
rows and 18 in between plants. Weed control, irrigation and fertilization were applied by the grower. Insects were
controlled with applications of Pounce (8.0 fl 0z/A) and Provado (3.75 fl 0z/A) on 9 Jul. Five treatments were replicated four
times in a random rows. Treatments (except Telone C-35) were applied through the drip irrigation on 19 Jun and 16 Jul.
Fruits from the center 5 plants of the treatment row were harvested and weighed twelve times during the period from 3 Jul
through 30 Jul. Number of infected and total fruit was recorded at harvest and after four days storage at room temperature.
Stand count was recorded on 27 Jul.

There were no significant differences among treatments for any parameter measured.

Treatment and rate/A, applied at Stand Number O.f T ota!
28-day intervals except fumigant count healthy fruit fruit weight
7/27 post harvest (Ib)
Untreated . ............................. 14.0 275 26.1
Ultra Flourish2pt ....................... 13.5 17.3 19.3
DENY 2Pt + v e 14.0 15.0 17.6
Root Guard Plus 170z .. ........... e 14.0 225 26.1
Telone C-35 at bed formation25gal ......... 14.0 11.0 9.8
'Stored four days at room temperature; there were significant differences between replicates (Student Newman Keuls;

P=0.05).
*Combined total of 12 harvests; fruit harvested when approximately 12 inches long.
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Worksheet 3-A(7)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide :

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3<{A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section 1 and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternati\ie_ge_st control measures (pesticide and non-pesticidal, and their combination) couid be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

. /7

Whether you conduct the research yourself or cite studies developed by others, itis important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of '
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become pubiicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You shouid look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geogfaphic area. i

Use additionat pages as needed.

Alternative: Biological Control Study: Evaluation of materials for control of Phytophthora

crown rot of summer squash, 1998.

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1¢. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(7)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author{s) or researcher(s) G.J. Hoimes

M.E. Lancaster

D.W. Pollard
3. Publication and Date of Publication Fungicide and Nematicide Tests 54:240, 1999
4. Location of research study Hendersonville, North Carolina

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Biological Control
Gliocladium virens, Burkholderia cepacia — -

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controlling pests in the study.
The biocontrol treatment was comparable to the untreated control and did not provide a significant benefit in o

disease suppression.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other,
factors that would affect your adoption of this tool?

Similar results would be expected under Michigan conditions, and disease control would not be achieved.

Therefore, biocontrol agents are not considered to be a viable alternative.

OMB Control # 2060-0482




SUMMER SQUASH (Cucurbita pepo ‘Supersett’)  G.J. Holmes', M. E. Lancaster’, and D. W.
Phytophthora crown rot; Phyfopthora capsici “%  Pollard®, 'Dept Plant Pathology, NC State Univ, Box
“.. 7616, Raleigh, NC 27695, and *NC Coop. Ext.
(186) . Service, Hendersonville, NC 28792

EVALUATION OF MATERIALS FOR CONTROL OF PHYTOPHTHORA CROWN ROT OF SUMMER
SQUASH, 1998: The experiment was conducted in a commercial squash field near Hendersonville NC (GPS coordinates:
N35°18.047; W082°23.872 ) with a known history of Phytophthora crown rot (PCR). Field soil type was a Delanco B loam (pH
6.6). Applications of lime (1000 Ib/Ac) and fertilizer (500 1b/A¢ of 10-20-20) were made on 09 May. Seed was planted on 22 May
into flat soil and thinned to 24-in spacing on 16 Jun. All seed was treated with Captan except that which was treated with the
bacterium (Burkholderia cepacia) and the fungus (Gliocladium virens) and a nontreated control. In both treatments, Captan was
removed from the seed by washing in water for 10 min. The B. cepacia + G. virens seed treatment was applied to seed at the
Biocontrol of Plant Diseases Laboratory, USDA, Beltsville, MD. All seed used was from the same seed lot. Fertilizer was
sidedressed (230 1b of 15-0-14) on 13 Jun. No irrigation was used. Treatments were randomized in 4 complete blocks. Plots were
single rows on 36-in. spacing and 35 ft long with 5-ft fallow borders on each end and separated by a non-treated row on each side.
Fungicide treatments were applied using a manual, diaphram-type Solo backpack sprayer equipped with a single nozzle (Conejet
TXVS-26) and operating at 40 psi (45 gal/A). To ensure adequate coverage, treatments were applied by making a pass on each side
of the treated row (2 passes per plot). Treatments were applied on a 7-day interval with applications on 11, 18, 25 Jun, 01, 09, and
15 Jul. Disease incidence (% mortality due to PCR) was counted weekly (11, 18, 25 Jun, 01,09, 15 and 23 Jul). Fruit were picked
weekly (01, 09, 15, and 23 Jul).

PCR was detected in an adjacent field of squash prior to emergence in test plots. The original stand was excellent, but
plants began dying shortly after the first treatment applications (4 true leaves). While other pathogens may cause damping-offin -
squash (e.g., Rhizoctonia and Pythium), the only pathogen detected in periodic spot checks was P. capsici. Disease distribution was
both clustered and scattered. Disease pressure was considered very high and conditions were conducive for disease development,
especially during the first half of the experiment. Due to clusters of high disease incidence, variability between replicate treatments
was high, yielding very little statistical separation of treatments, but significant block effects. No treatment provided a
commercially acceptable level of control. The Ridomil Gold Bravo treatment yielded the lowest percent mortality at each
evaluation, but final mortality was 61% in these plots. Differences in yield were not significant.

/

% Mortality

Treatment and rate/A 11 Jun 18Jun 25Jun- 1 Jul 9 Jul 15Jul  23Jul AUDPC'
Ridomil Gold Bravo, 2 1b | 0.0 2.38 13.0 27.8 313 50.1 61.3 11.1a?
Dithane 75DF, 3.2 1b " 0.0 8.7 19.0 36.2 47.0 53.0 71.0 14.2 ab
Acrobat MZ,2.25 Ib 23 13.9 19.7 329 40.0 54.9 69.5 14.3 ab
(alternate stem base-foliar) *

AcrobatMZ,2.251b . 1.1 5.7 29.6 53.5 62.7 66.1 70.8 18.1 ab
Acrobat SOWP, 3-.22 b + 1.1 20.7 37.3 523 60.6 64.3 82.0 19.7 ab
Kocide 2000, 1.86 1b

Tattoo C, 1.47 1b . 0.0 0.0 234 55.1 77.0 88.5 89.8 20.6 ab
Aliette WDG, 5 1b 0.0 3.5 17.4 60.3 922 95.9 100 22.8 ab
Quadris, 0.87 1b 3.4 26.6 42.9 63.8 75.0 82.2 88.7 24.1 ab
Nontreated (seed w/ Captan) 4.8 29.8 51.3 65.6 79.0 88.2 92.1 26.0 ab
Nontreated (seed w/o Captan) 6.1 28.0 36.7 76.7 91.7 95.8 98.6 27.6b
Seed treatment (Gliocladium 3.1 37.2 54.4 81.0 89.3 98.2 100 29.40b

virens + Burkholderia cepacia)

LSD (P=0.05) ns ns ns ns 43.6 39.6 30.0 15.3

" AUDPC = Area Under the Disease Progress Curve.

2 Values are the means of 4 replicate plots; values followed by the same letter within a column are not significantly different
(K=100, Duncan-Waller K-ratio test).

3 application alternated weekly between a stem-base directed spray and a standard foliar spray.

Vegetables F&N Tests 54:240

Bzt o AREATATER
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Worksheet 3-A(7)(d). Alternatives - Technical Feasibility of AIternatives‘v_'_to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (sé;e previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{(A)(2)(b).

When completing Section li, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfutly instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http.//www.epa.goviozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by/ others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA uniess they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become pubilicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional page‘s as needed.

Alternative: Biological Control Study: Alternatives for methyl bromide on cucurbits, 2002.

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Ii.
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Worksheet 31.'-A(7)(d). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. (Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. if ﬁot on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Chloropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(8). Alternatives."- Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)}(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used— -
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work. . _
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conductea’in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results shouid be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Cover Crops, Muiching Study: UNEP 1998, B-91

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(8). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Cover Crops, Mulching

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of the study are not relative to the situation in Michigan, because the examples provided specifically
discuss control of weeds and nematodes. The only pathogen inciuded was Sclerotinia sclerotiorum . Michigan

growers are managing Phytophthora capsici currently using black plastic mulch, bdt it is not a viable alternative

alone to control this pathogen.

OMB Control # 2060-0482
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Worksheet 3-A(8)(b). Alternatives - Technical Feas;iibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number|

the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used -
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowiedges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Cover Crops, Mulching Study: Watermelons in Mexico: Mulch and Soil Amendments

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X '
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for ail users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(8)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5, Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Mulching

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other-
factors that would affect your adoption of this tool?

The study in Mexico does not apply to the situation in Michigan, because the pathogen, Phytophthora capsici, is
not included. Only nematodes, Pythium and Fusarium are included. Since Phytophthora is a more aggressive

pathogen, the techniques used in this study are not adequate when used alone. Michigan growers currently use

plastic mulches and drip irrigation and disease continues to be a significant problem.

OMB Contro! # 2060-0482
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Worksheet 3-A(8)(c). Alternatives - Technical Feasibiiity of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions..You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). -For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2){(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
aiternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website/

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You shouid look at the list of alternatives provided by
the Agency and explafn.why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Cover Crops, Mulching Study: Alternatives for methyl bromide on cucurbits and

solanaceous crops, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Towﬁship caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section .
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Worksheet 3-A(8)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Multigard FFA, Multigard Protect, Multigard Protect + Vapam HL, CX-100

6. Was crop yield measured in the stAudy? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool? :

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(8v:‘“)ﬂ(d). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheéts as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{(A)(2)(b).

When completing Section lI, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

if you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Cover Crops, Mulching Study: Alternatives for methyl bromide on cucurbits, 2002.

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

if use of this alternative is precluded by regulatory restriction for all users covered by this app]ication, the
applicant should not complete Section Il.
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Worksheet 3-A(8)(d). Alternatives - Technical Feasibility of Alternatives to Méthyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Chioropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No ' X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet. C 7

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(9). Alternatives - Technical Feasibility of '_Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative -Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number;
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{(A)(2)a). For the second
alternative, second research study, label the worksheet 3-(A){2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research —
(2) Cite research that has been conducted by others
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cité studies developed by others, it is important that the studies be conduntzdd
scientifically sound manner. The studies should include a description of the experimental methodology used, such as a
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, r
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives prowded by the Agency
and explain why they cannot, be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotation, Fallow . Study: UNEP 1998, B-94, B-91, B-83, B-282

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant shouid not complete Section li.
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Worksheet 3-A(9). Alternatives - Technical Feasibility of Aiternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation, Fallow

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Crop rotation to crops not susceptible to crown, root and fruit rot caused by Phytophthora capsici is practiced

routinely by growers of cucurbit crops in Michigan. This management practice is not adequate, because of the

long-lived oospore of this pathogen. Since many other vegetable crops are also susceptible, including all-

Solanaceous crops and beans (new report of lima beans as a host), this would make rotation difficult even if it was

effective. Crop rotation and fallow is not a suitable alternative to manage P. capsici on cucurbits in Michigan.

OMB Control # 2060-0482
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Worksheet 3-A(9)’ib). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study-you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section ll, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each.study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http:/iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research —

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotation, Fallow Study: The dynamics of mefenoxam insensitivity in a recombining
population of Phytophthora capsici characterized with

amplified fragment length polymorphism markers.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il



For EPA Use Only
' ID#

Worksheet 3-A(9)(b). Alternatives - Technical Feasibility of Alternatives to,';:_.MethyI Bromide

Section ll. Existing Research Studies on Alternatives to Methyi bemide

1. Is the study on EPA’s website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 91:553-5657, 2001

4. Location of research study Michigan

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Oospores of the soil-borne fungus play a key role in overwintering and the frequency of mefenoxam insensitivity

may not decrease in an agriculturally significant time period (2 years), rendering crop rotation and fungicide use

ineffective.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

This study is directly applicable, since it was conducted in Michigan and documents the situation of commercial

farms.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H., and Hausbeck, M. K. 2001, The dynamics of mefenoxam
insensitivity in a recombining population of Phytophthora capsici charac-
terized with amplified fragment length polymorphism markers. Phyto-
pathology 91:553-557.

Recent findings from Michigan suggest that recombination may play a
role in the survival and evolution of sensitivity to the fungicide mefen-
oxam in populations of Phytophthora capsici on cucurbit hosts. In
1998, 63 mefenoxam insensitive isolates were recovered from a squash
field in which mefenoxam had been applied. Additional isolates were
recovered from untreated squash fields planted at this location in 1999
(200 isolates) and the spring of 2000 (34 isolates). Isolates from 1998 and
1999 were characterized using fluorescent amplified fragment length
polymorphism (AFLP) markers and all isolates were screened for com-

patibility type and mefenoxam sensitivity. In 1998 and 1999, 92 and
71% of the isolates, respectively, had unique multilocus AFLP genotypes
with no identical isolates recovered between years. Seventy-two identical
AFLP markers were clearly resolved in both the-1998 and 1999 sample
sets, and fixation indices for the 37 polymorphic AFLP loci indicate little
differentiation between years. There was no decrease in the frequency of
resistant isolates during the 2 years without mefenoxam selection. We
conclude that oospores play a key role in overwintering and that the
frequency of mefenoxam insensitivity may not decrease in an agricultur-
ally significant time period (2 years) once mefenoxam selection pressure
is removed.

Additional keywords: fungicide resistance, genetic diversity, population
genetics.

Crown, root, and fruit rot caused by Phytophthora capsici is
increasing in Michigan cucurbit production fields, and uninfested
land suitable for rotation is becoming increasingly scarce, espe-
cially in areas undergoing rapid urban development. The phenyla-
mide fungicide (PAF) mefenoxam is a systemic fungicide that
appears to be acting at the level of DNA translation, and is fung-
istatic to fully sensitive isolates of P. capsici (2,13). Although
mefenoxam has been considered by some growers to be helpful,
mefenoxam insensitive isolates were reported on bell peppers in
North Carolina and New Jersey by Parra and Ristaino in 1998 (18)
and have since been recovered from 10 of 11 farms sampled in
Michigan (13), as well as, in Georgia (15) and southern Italy (19).
Mefenoxam insensitivity in Michigan P. capsici isolates is inher-
ited as a single gene exhibiting incomplete dominance (13), which
is consistent with the reports for a variety of other oomycetous
organisms (2). Investigations with P. infestans indicate that
insensitivity may be conferred by genes at different chromosomal
positions (5), suggesting that the basis of insensitivity in different
populations may not be identical. Sexual recombination, in
particular, has the potential to impact management strategies that
employ PAFs because the fully insensitive (two copies of the
insensitivity allele) phenotype may be directly generated. P. cap-
sici is heterothallic and the sexual stage is initiated when isolates
of opposite compatibility type, designated Al and A2, come into
close association to form thick-walled oospores (4). The asexual
stage includes the production of caducous sporangia born on long
pedicels, which may release motile zoospores if free water is pre-
sent. Asexual spores are thought to be responsible for the poly-

yclic nature of disease development (20).
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PAF resistance in the genus Phytophthora and, in particular, the
P. infestans—potato pathosystem, is well documented (2,4,9). Until
recently, the population structure of P. infestans appeared to be
largely clonal outside of P. infestans putative center of origin (6).
The recent detection of both P. infestans compatibility types along
with increased genotypic diversity in some potato growing regions
indicates that the sexual stage is likely active and may signifi-
cantly impact control strategies that have proved useful in the past
(3,8). When PAF resistance in European P. infestans populations
increased significantly in the early 1980s, the efficacy of the PAF
metalaxyl was only regained after the product was not made avail-
able to growers for a period of time (2). This strategy apparently
allowed the resistant populations to decline or become extinct and
depends on ephemeral populations or, in the case of resident popu-
lations, upon a significant cost for resistance outside of selection
pressure. A recent study of sensitive versus PAF resistant P, nico-
tianae isolates from citrus suggests negligible fitness costs for
PAF resistance and reports that 2 years without PAF use did not
reduce the proportion of resistant isolates in groves (21). Kadish
and Cohen report that PAF-resistant P. infestans isolates in Israel
were more aggressive in colonizing tuber tissue than sensitive
isolates (12).

Novel techniques have been developed recently that allow char-
acterization of DNA-level polymorphism in organisms for which
little is known about the genome. An example is the amplified
fragment length polymorphism (AFLP) technique introduced by
Vos et al. in 1995 (23). This technique relies on restriction enzyme
fragmentation of genomic DNA with the concomitant ligation of
synthetic adaptors to the DNA fragment ends. Stringent poly-
merase chain reaction (PCR) amplification using adaptor-comple-
mentary primers with additional selective nucleotides allow for
the amplification of fragment subsets. DNA fragment subsets are
termed fingerprints and may be resolved with a range of tech-
niques (1). AFLP markers have been used on a variety of organ-



isms (14,22) and the procedure generates a large number of repro-
ducible markers (1,22). The limitation that these markers are
generally scored as dominant markers (e.g., either present or
absent) for diploid organisms requires the use of relatively large
sample sets (11,25).

Our null hypotheses are that sexual recombination has a signifi-
cant impact on the population structure of P. capsici in Michigan
and that mefenoxam insensitivity may not decrease in the time
frame of a typical 2-year rotation outside of mefenoxam selection
pressure.

MATERIALS AND METHODS

Field plot. Research was conducted on a commercial farm in
southwest Michigan, with a history (>11 years) of P. capsici on
bell peppers and squash and intensive use of PAF. The 4.05-ha
field sampled had previously been cropped to soybeans and corn
with no known record of P. capsici susceptible crops (e.g., toma-
toes, peppers, or cucurbits) prior to 1997. During 1997 and 1998,
yellow squash and zucchini grown in this field became diseased
with Phytophthora crown, root, and fruit rot and the grower ap-
plied mefenoxam as part of a disease management strategy
(Novartis, Greensbero; NC). In 1998, all isolates recovered were-
either intermediately or fully insensitive to mefenoxam. Both Al

TABLE 1. Fixation indices (Fsy) for 37 amplified fragment length poly-
morphism loci from unique Phytophthora capsici isolates collected from a
single Michigan cucurbit field during 1998 (N = 57) and 1999 (N = 141)

Fragment® 1998 f(aa)® 1999 f(aa) Fg©
45 0.02 0.06 0.018
54 0.29 0.29 0.000
64 0.82 0.55 0.048
104 0.11 0.06 0.007
106 0.11 0.04 0.025
110 0.41 0.36 0.002
130 0.41 0.30 0.009
146 0.47 0.24 0.038
149 0.12 0.27 0.029
154 0.39 0.31 0.004
156 0.53 0.83 0.054
172 0.56 0.33 0.034
189 0.16 0.56 0.121
192 0.16 0.37 0.044
193 0.35 0.20 0.022
211 0.47 0.15 0.088
241 0.48 0.32 0.018
256 0.04 0.01 0.022
258 0.43 0.49 0.002
261 0.55 0.54 0.000
270 0.57 0.41 0.015
282 0.35 0.40 0.002
285 0.51 0.73 0.030
314 0.51 0.34 0.019
320 0.41 0.51 0.006
333 0.16 0.20 0.002
346 0.36 0.33 0.001
361 0.33 0.49 0.017
383 0.21 0.15 0.005
418 - 0.40 0.34 0.002
431 0.34 0.32 0.001
438 0.67 0.45 0.028
454 0.65 0.49 0.015
492 0.29 0.40 0.009
504 0.51 0.47 0.001
511 0.38 0.28 0.007
548 0.78 0.78 0.000

* EcoRI-AC/Msel-CA selectively amplified fragment size in base pairs.

b Observed frequency of the absent state where “a” represents the absence of
a fragment.

¢ Fsr calculated from estimated allele frequencies. According to Wright’s
qualitative guidelines, values from 0 to 0.05 indicate little genetic dif-
ferentiation and values from 0.05 to 0.15 indicate moderate genetic differ-
entiation.

and A2 compatibility types were present, and oospores were de-
tected in diseased fruit. In 1999 and 2000, yellow squash was
established in a 1,124-m? experimental plot in this field, and me-
fenoxam was not applied. Diseased plants and fruit were sampled
on 20 August 1998 (63 isolates from entire field), June through
August 1999 (200 isolates from experimental plot), and 13 July
2000 (34 isolates from experimental plot). All isolates were recov-
ered from single diseased plants or fruit. -

Isolate collection and maintenance. Isolation from diseased
plant material was made onto BARP (25 ppm of benomyl,
100 ppm of ampicillin, 30 ppm of rifampicin, and 100 ppm of
pentachloronitrobenzene)-amended UCV8 (840 ml of distilled
water, 163 ml of unclarified V8 juice, 3 g of CaCO;, and 16 g of
Bacto agar) plates. Procedures for obtaining single zoospore
isolates were as previously described (13). Single zoospore
cultures were maintained on 30 ppm of rifampicin and 100 ppm of
ampicillin (RA)-UCV8 plates and transferred bimonthly. Long-
term storage consisted of a single 7-mm plug of expanding
mycelium from each single zoospore culture being placed in a
1.5-ml microfuge tube with one sterilized hemp seed and 1 ml of
sterile distilled water, incubated for 2 to 3 weeks at 23 to 25°C,
and stored at 15°C long term. .

Phenotypic characterization. Isolates were screened for com-
patibility type as previously described (13). Mefenoxam sensitiv-
ity was characterized according to the in vitro screening technique
described by Lamour and Hausbeck (LH technique) for P. capsici
isolates in Michigan (13). Isolates were scored as sensitive (S) if
growth on UC-V8 agar amended with 100 ppm of mefenoxam
was less than 30% compared with a control, as intermediately
sensitive (IS) if between 30 and 90%, and fully insensitive (I) if
greater than 90% compared with the unamended control. These
mefenoxam sensitivity categories are based on a trimodal dis-
tribution of 523 field isolates of P capsici. Clear modal dis-
tributions were only attained when screening was conducted witt
a single high rate of mefenoxam-amended (100 ppm) media (K.
Lamour, unpublished data). These putative mefenoxam sensitivity
categories were tested by in vitro crosses (I x S, IS x IS, IS x S,
and S x S), and chi-square analysis confirmed that the ob-
served progeny numbers were not significantly different than
expected for Mendelian inheritance of an incompletely dominant
trait (13).

The LH technique differs from a commonly used method
described by Goodwin, Sujkowski, and Fry (GSF technique) (9)
for P. infestans which uses two levels of amended media (5 and
100 ppm) to differentiate the three mefenoxam sensitivity pheno-
types and which has been used to characterize P. capsici isolates
(15,18,19). Unfortunately, analysis of our in vitro crosses and field
isolates by the GSF technique did not resolve a clear modal distri-
bution (K. Lamour, unpublished data). Assignment of Michigan P.
capsici isolates to the S category was the same whether using the
LH or GSF technique. The only difference was that some P.
capsici isolates from Michigan rated as fully insensitive by the
GSF technique were rated as intermediately sensitive by the LH
technique.

DNA extraction and AFLP fingerprinting. A technique for
avoiding bacterial contamination prior to growing isolates for
DNA extraction was implemented using a modified Van Teigham
cell (4). The uppermost portion of a 7-mm plug of mycelium was
placed onto the surface of RA-WA plates (30 ppm of rifampicin,
100 ppm of ampicillin, 1,000 ml of distilled water, and 16 g of
Bacto agar) and an autoclaved cap from a 1.5-ml microfuge tube
was placed over the plug which forced the isolate to grow through
the amended media. Isolates were incubated in the dark for 2 t
3 days before two 7-mm plugs were transferred to approximately
15 m! of RA-UCVS broth in petri dishes (100 x 15 mm) and incu-
bated in the dark for 3 days at 23 to 25°C. Mycelial mats were
washed with distilled water and dried briefly under vacuum before
being frozen to —20°C and lyophilized.



Lyophilized mats were ground with a sterile mortar and pestle.
Whole genomic DNA from approximately 50 mg of ground myce-
lium was extracted with a plant mini kit (Dneasy; Qiagen Inc.,
Valencia, CA) according to the manufacturers directions. DNA
was quantified (Nucleic Acid QuickSticks; Clontech, Palo Alto,
CA) according to the manufacturers directions and approximately
100 ng of DNA was subjected to a restriction/ligation reaction,
preselective amplification, and selective amplifications using the
PCR core mix, adaptor sequences, core primer sequences, and
fluorescent-labeled primers available in an AFLP microbial
fingerprinting kit (Perkin-Elmer Applied Biosystems, Foster City,
CA, henceforth referred to as PE/ABI) and performed exactly as
described in protocol part 402977 Rev A (23). All PCR reactions
were performed with a minicycler (MJ Research Inc., Waltham,
MA) in 0.2-m] tubes according to the cycling parameters outlined
in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed with pre-
selective products from P. capsici isolate OP97, which was iso-
lated from a cucumber fruit in 1997 (13). Selective amplifications
with the selective primers EcoRI-AA, -AC, -AG, and -AT were
performed in all 16 combinations with the Msel-CA, -CC, -CG,
and -CT selective primers. EcoRI selective primers, available
from PE/ABI, were labeled at the 5' end with either carboxy-
fluorescein (FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4',5"-dichloro-2",7’-dimethoxyfluorescein (JOE) fluores-
cent dyes. The fluorescent dyes are excited by laser radiation and
visualized by their characteristic absorption-emission frequencies.
Only the fragments containing an EcoRI restriction site are
resolved. )

Products from three reactions labeled with different colored
dyes and a carboxy-X-rhodamine (ROX) size standard were
loaded into each lane on a denaturing polyacrylamide gel and the
fragments resolved in a DNA sequencer (ABI Prism 377). Results
were prepared for analysis in the form of electropherograms using
GeneScan Analysis software (PE/ABI). AFLP fragments were
scored manually as present (1) or absent (0) using Genotyper
(PE/ABI). Only DNA bands that consistently exhibited unambigu-
ous presence or absence profiles were scored.

A single isolate, OP97, was subjected to the aforementioned
protocol using three primer pair combinations that were chosen as
optimal on three separate occasions, approximately 3 months apart,
to test for reproducibility of AFLP profiles.

Clone detection and cluster analysis. AFLP fragments were
considered polymorphic if the most common allele was present in
less than 95% of the isolates from a given sample set and scored
for presence (1) or absence (0) (10). AFLP fragments present in
more than 95% of the isolates from a given sample set were
considered monomorphic. Analysis of the resulting binary data
matrix was performed using NTSYS-pc version 2.02k (Exeter
Software, Setauket, NY). Unweighted pair group method with
arithmetic averages cluster analysis was performed on the matrix
of similarity coefficients calculated from all possible pairwise
comparisons of individuals within and among the 1998 and 1999
populations and a tree generated. Isolates showing complete
homology at all loci were considered to be clones and except for
a single representative isolate were excluded from frequency
calculations.

Allele frequency and fixation indices. Allele frequencies for
AFLP markers were estimated utilizing the expected relationship
between gene and genotype frequencies in a randomly mating
population (i.e., Hardy-Weinberg proportions). The frequency of
the recessive (absent) allele () was calculated from the observed
number of recessive homozygote individuals (X) in a sample of n
individuals by the formula for dominant markers described by
Jorde et al. (11):

1-x
4n

g=,x+

where x = X/n is the observed proportion of individuals that do not
display the dominant (present) marker phenotype. In order to test
whether the composite genetic profiles from 1998 and 1999 were
consistent with a single randomly mating population, the fixation
index was calculated for each AFLP loci from the variance in
allele frequencies according to the following formula: Fsr = [(p—
Pp2)*/41/(average p x average q), where p is the allele frequency for
the present state with p; and p, indicating the two sample popula-
tions, and g is the allele frequency for the absent state (10). Fixa-
tion indices for individual loci were interpreted according to the
qualitative guidelines suggested by Wright (24), where the range
0 to 0.05 indicates little genetic differentiation, range 0.05 to 0.15
indicates moderate genetic differentiation, and greater than 0.25
indicates great genetic differentiation (10).

RESULTS

AFLP band characterization. Evaluation of the 16 EcoRI +
2-Msel + 2 selective primer pair combinations indicated that
EcoRI + AC-Msel + CA gave the most clearly resolved fragment
profile and was used to amplify genomic DNA from all isolates in
both the 1998 and 1999 sample sets. This primer combination
resulted in 72 clearly resolved fragments of which 37 (51%) frag-
ments were polymorphic in both 1998 and 1999 (Table 1). All
72 fragments were present in both 1998 and 1999 and no novel
fragments were detected between years. The following 35 fragments
(size in base pairs) were monomorphic in both the 1998 and 1999
sample sets: 41, 43, 47, 49, 58, 66, 70, 82, 85, 114, 118, 123, 133,
135, 140, 159, 174, 235, 247, 249, 272, 278, 295, 298, 300, 341,
351, 355, 367, 402, 474, 488, 502, 519, and 527. AFLP profiles
for isolate OP97, generated from separate DNA extractions on
three separate occasions over a 1-year period, resulted in identical
banding patterns with the only difference being minor changes in
the intensity of the electropherogram signal. Occasionally individ-
ual reactions resulted in poorly resolved fingerprint profiles (e.g.,
low intensity of signal) and were repeated until signals were
deemed optimal. ‘

Phenotypic, genotypic, and gene diversity. No isolates sensi-
tive to mefenoxam were recovered in 1998 or 2000, and single Al
sensitive and A2 sensitive isolates were recovered in 1999 (Table
2). In 1998, 18% of the isolates were intermediately sensitive and
82% were insensitive, in 1999, 2% were sensitive, 28% were
intermediately sensitive and 70% wer¢ insensitive, and in 2000,
15% of the isolates were intermediately sensitive and 85% were
insensitive to mefenoxam (Table 2).

In 1998, 57 of the 63 isolates recovered, and 141 of the 200 iso-
lates recovered in 1999 were unique based on multilocus AFLP
profiles. No identical multilocus genotypes were recovered be-
tween 1998 and 1999. Five isolates (two A2/, two A2/1S, and

TABLE 2. Phenotypic diversity of Phytophthora capsici isolates recovered
from the same cucurbit field in 1998, 1999, and 2000

Compatibility type and mefenoxam sensitivity®

No. of
Year*  isolates® Al/S Al/IS Al/l A2/8 A2/IS A2/1
1998 57 - 4 31 - 6 16
1999 141 1(2) 1720y S57(53) 1(1) 23(18) 42(@47)
2000 34 - 2 8 - 3 21

* Mefenoxam was applied in 1998 but not in 1999 or 2000.

® Sample sets from 1998 and 1999 consist of unique multilocus genotypes as
determined with amplified fragment length polymorphism fingerprinting.
The 2000 sample set was recovered at the beginning of the growing season
and was not fingerprinted.

¢S = sensitive, IS = intermediately sensitive, and 1 = insensitive as
determined by in vitro screening on 100 ppm of mefenoxam-amended agar.
Numbers in parentheses indicate the expected number of isolates when
mefenoxam insensitivity is assumed to be controlled by a single incom-
pletely dominant gene in Hardy-Weinberg equilibrium unlinked to com-
patibility type.




one AUI) of P. capsici collected in 1998 had “one clonal
representative. Fourteen isolates collected in 1999 had between
two and four clones (Table 3). A single Al compatibility type in-
sensitive isolate had 40 clones recovered over the cotirse of the
1999 season and comprised 3% of the early, 15% of the mid-, and
43% of the late sampling intervals (Table 3). The 1999 sampling
intervals (early, mid, and late) are based on the dates of sampling
and are not intended to reflect stages of plant growth or the
epidemiology of P. capsici. Cluster analysis of AFLP fingerprint
variation indicated no significant clustering of isolates between
1998 and 1999.

The majority (98%) of the 37 polymorphic AFLP fragments
showed little genetic differentiation (Fsr < 0.05) between 1998
and 1999 according to Wrights qualitative criterion (Table 1) (24).

DISCUSSION

P. capsici causes significant damage to cucurbit hosts in Michi-
gan each year. In an effort to prevent or control epidemics, many
growers have used either metalaxyl or the newer, but similarly
acting compound, mefenoxam as a part of their disease manage-
ment strategy. This study was initiated in an effort to address the
concerns of growers who have high levels of mefenoxam in-
sensitivity. -

Phenotypic data (mefenoxam sensitivity and compatibility type)
from a 1998 survey suggested that insensitivity to mefenoxam was
common and that some level of recombination is occurring in the
field (13), but without the application of additional polymorphic
markers our ability to assess population structure was severely
restricted. AFLP analysis proved to be a powerful tool for resolv-
ing the population dynamics of P. capsici. A single selective
primer combination; EcoRI-AC-Msel-CA, generated 72 bands of
which 37 were polymorphic in our 1998 and 1999 sample sets.
AFLP fingerprinting, in conjunction with temporal sampling, pro-
vided a useful characterization of P. capsici from one season to
the next and allowed us to track asexual disease development over
the course of a single season.

Our data suggests that sexual recombination significantly im-
pacts the structure of this P. capsici population. The finding that
198 of the 262 isolates recovered between 1998 and 1999 had
unique multilocus AFLP genotypes is consistent with the high
level of genotypic diversity expected in an outcrossing population

TABLE 3. Clone contribution of 15 Phytophthora capsici isolates to the total
number of isolates collected in 1999 (N = 200)

No. of clones in early, mid, and late season®

No. of 6/22 ~7/16 7/20-8/3 8/5-18/18
Isolate  clones® CT/MS® N=060 N=280 N=060
JP571 2 All 2 - -
JP583 2 Al 2 - -
JP944 3 Al/l 2 1 -
JP999 3 Al 2 1 -
JP1007 2 Al 1 1 -
JP1042 2 A2/1 1 1 -
JP1096 2 Al/l - 1 1
JP1102 2 A2/1 - 2 -
JP1215 3 A2/l 3 - -
JP1342 2 A2/1S - 2 -
JP1369 2 AlN 1 1 -
JP1384 4 A2/1 3 1 -
JP1512 2 Al/l 1 - 1
JP1555 3 Al/l - - 3
JP1632 40 Al 2 12 26

® Total number of isolates with ideatical multilocus amplified fragment length
polymorphism profiles.

® CT = compatibility type and MS = mefenoxam sensitivity where S = sen-
sitive, 1S = intermediately sensitive, and I = insensitive as determined by in
vitro screening on 100 ppm of mefenoxam-amended agar.

© Sample intervals based on sampling dates only.

(7,16,17). Although clonal reproduction occurred in 1998 and
1999, no identical genotypes were recovered between years, sug-
gesting that oospores are important for overwintering. The finding
that 35 of the 37 polymorphic fragments exhibited very little
differentiation (i.e., change :in allele frequency) based on the
estimated fixation indices between 1998 and 1999 is consistent
with the expectations for a recombining population large enough
to avoid dramatic changes due to genetic drift.

In 1999 and 2000, sensitive and intermediately sensitive iso-
lates (42 of 175) did not increase in a manner suggesting selection
in favor of mefenoxam sensitivity outside of mefenoxam selection
pressure. The fact that 14 of the 15 isolates with clonal reproduc-
tion in 1999 were fully insensitive may be another indication that
mefenoxam insensitivity does not have significant costs outside of
mefenoxam selection pressure. If we assume that there is only a
single mefenoxam insensitivity gene in this population unlinked to
compatibility type, designated I, and that this population is effec-
tively free from the effects of migration and genetic drift, some
interesting speculations can be made. For instance, in 1999, if the
mefenoxam sensitivity phenotypes, are assumed to represent geno-
types (e.g., a fully insensitive isolate has two copies of the I allele)
then the frequency of I can be estimated and the observed number
of unique isolates that fall into each of the six mefenoxam
sensitivity/compatibility type categories can be compared with the
expectations under Hardy-Weinberg equilibrium. In 1999, the

" estimated frequency of I was 0.84, and chi-square analysis, using

the data in Table 2, indicates that the observed numbers do not
differ from those expected under Hardy-Weinberg equilibria at
P =050 () = 3.09, df = 4). Although this is not a particularly
powerful test due to the large number of assumptions (10), it does
lend support to the hypothesis that this population meets the
criterion for panmixia.

Our results do not allow us to reject the null hypothesis that
sexual recombination significantly impacts the structure of this
population. It appears that sexual recombination plays a sig-
nificant role in maintaining genotypic and gene diversity while
concomitantly producing overwintering inoculum. Our data also
suggest that sexual recombination may serve as a potent force
for integrating a beneficial allele based on the finding that there
were a total of 133 unique multilocus genotypes fully insensitive
to mefenoxam between 1998 and 1999. An interesting question
that can only be answered by following a fully sensitive popu-
lation as it shifts to insensitivity is how much genetic diversity
is lost, if any, during the PAF selection process? The question
of how long mefenoxam resistance will remain in a population
of P. capsici when selection pressure is removed can only be
answered in a tentative way. It appears that in this popula-
tion, insensitivity will not decrease within the time frame of a
typical 2-year rotation and, once resistance to mefenoxam is
established, the future usefulness of this fungicide may be ex-
tremely limited.

Comparison of the population structure reported at this single
location is currently being compared with other locations in
Michigan and the United States and should provide useful insight
into the amount of genetic diversity in sensitive versus insensitive
populations as well as the contribution of migration to P. capsici
population structure.
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Worksheet 3-A(9)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 34A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographicarea.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research ~—

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies shouid include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by

the Agency and explain why they cannot be used for your crop and in your geographic area. .

Use additional pages as needed.

Alternative: Crop Rotation, Fallow Study: Investigating the spatiotemporal genetic structure of

Phytophthora capsici in Michigan.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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ID#

Worksheet 3-A(§)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Exij’sting Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or reseércher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 91:973-980, 2001

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Crop Rotation

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Crop rotation is not highly effective because both mating types of Phytophthora capsici are present in Michigan

fields, resulting in an oospore capable of surviving for long period of time.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Results are directly applicable, since the research was conducted in Michigan.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H., and Hausbeck, M. K. 2001. Investigating the spatio-
temporal genetic structure of Phytophthora capsici in Michigan.
Phytopathology 91:973-980.

Phytophthora capsici isolates were recovered from pepper and
cucurbit hosts at seven Jocations in Michigan from 1998 to 2000, Isolates
were characterized for compatibility type (CT), mefenoxam sensitivity
(MS), and amplified fragment length polymorphism (AFLP) marker
profiles. In total, 94 AFLP bands were resolved. Individual populations
were highly variable. Within populations, 39 to 49% of the AFLP bands
were polymorphic and estimated heterozygosities ranged from 0.16 to
0.19. Of the 646 isolates fingerprinted, 70% (454) had unique AFLP

profiles. No clones were recovered between years or locations. Pairwise
F statistics (®g7) between populations from different locations ranged
from 0.18 to 0.40. A tree based on unweighted pair-group method with
arithmetic average cluster analysis indicates discrete clusters based on
location. Isolates from the same location showed no clustering based on
the-year of sampling. Analysis of molecular variance partitioned variabil-
ity among (40%) and within populations (60%). The overall estimated
®sr was 0.34 (SD = 0.03). Al/A2 CT ratios were =1:1, and MS fre-
quencies were similar between years for the two locations sampled over
time. These data suggest that P capsici persists in discrete outcrossing
populations and that gene flow among locations in Michigan is
infrequent.

Phytophthora capsici Leonian causes significant damage to a
variety of plant hosts worldwide, and in the United States, it
seriously impacts the production of cucurbits, tomatoes, and
peppers (9,14,20). In Michigan, the life history of P capsici is
divided between an active growth phase in the presence of sus-
ceptible host tissue and a state of dormancy over the winter. Over-
wintering survival is thought to be accomplished by thick-walled
oospores that are produced during sexual reproduction (9,10). P
capsici is heterothallic, and completion of the sexual stage re-
quires both Al and A2 compatibility types (CT). Sexual repro-
duction is mediated by extraceflular hormonal signals, and there is
the potential for both self and cross-fertilization (8). Oospores
generally require a dormancy period prior to germination. Germi-
nating oospores produce coenocytic mycelium, which can directly
infect or differentiate into caducous sporangia under suitable
conditions. Sporangia can be dislodged and cause infection
directly, or, in the presence of free water, release 20 to 40 motile
zoospores. Polycyclic asexual spread of P capsici between and
down rows has been clearly documented in the pepper/P. capsici
pathosystem (21).

Ristaino and Johnston recently summarized management strate-
gies useful for disease control (20). The primary strategy is to
manage soil water dynamics by providing the best possible
drainage for the host plant’s rhizosphere and the field, in general.
Growers are advised to rotate fields to nonsusceptible hosts, and
when appropriate to apply fungicides.

The phenylamide fungicide mefenoxam is fungistatic to sensi-
tive isolates of P capsici (16), but, as has occurred with many
oomycetes, insensitivity has developed in field populations
(9,17,18). Research with P. capsici isolates from Michigan indi-
cates that insensitivity is controlled by an incompletely dominant
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gene of major effect (9), which is consistent with the findings
for other oomycetes (3).

In Michigan, fruit, stem, and root rots caused by P. capsici on
susceptible hosts have increased in recent years, and growers
employing available management strategies have experienced sig-
nificant losses. Over the last 4 years, an investigation of P, capsici
populations in Michigan commercial vegetable production fields
has been conducted (9,10). The initial phase of this study was
based on the distribution and frequency of CT and mefenoxam
sensitivity (MS) phenotypes within fields. In 1998, an approxi-
mate 1:1 ratio of A1/A2 jsolates was discovered in the majority of
fields sampled, and oospores were detectedr in diseased cucurbit
fruit on four separate farms. All six CI/MS phenotypes were
recovered as cospore progeny from a single diseased cucumber
fruit as well as from a single diseased cucumber field (9). These
initial findings suggested that the sexual stage occurs in popu-
lations of P. capsici in Michigan and, based on the MS findings,
that sexual recombination may play an important role in generat-
ing the fully insensitive MS phenotype.

The ability to assess population structure by only CT and MS is
limited by the fact that only six phenotypic combinations are re-
solvable and is further limited because some populations appear to
have only sensitive or insensitive isolates (9). Amplified fragment
length polymorphism (AFLP) markers are increasingly used as a
tool to investigate population genetic structure in a wide variety of
living organisms including plants (22,24), animals (19), insects
(4), and microorganisms (11). A molecular map of the P. infestans
genome was constructed based on AFLP and restriction fragment
length polymorphism markers and corroborates the finding of
other researchers that AFLP markers span the genome (23). The
recent characterization of a single mefenoxam-insensitive popula-
tion of P capsici with AFLP markers over a 2-year period
revealed that genotypic and genic diversity were high, that clonal
reproduction (the recovery of identical multilocus genotypes from
different locations within a field) was significant within a single
season but that members of the same clonal lineage were not
detected between years, that AFLP marker frequencies did not
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change significantly between years, and that the frequency of
mefenoxam insensitivity did not appear to decrease in the*absence
of mefenoxam use (10).

In this paper, we report on the genetic structure of P capsza
populations from fields located in different regions of Michigan. It
was our goal to consider dispersal between locations and the im-
pact of outcrossing on natural populations. We also report.on the
frequency of self-fertilized versus outcrossed progeny in a sexual
cross between isolates from different geographical locations and
the inheritance of AFLP markers in this cross. Portions -of the
information in this paper have been reported previously (9,10).

MATERIALS AND METHODS

Isolate collection and maintenance. Pepper, cucumber, pump-
kin, tomato, and squash plant tissue (root, crown, and fruit) with
typical signs and symptoms of infection by P capsici were
collected from six farms in four different regions of Michigan
between 1998 and 2000. Sampling was conducted usmg field-
specific grids with grid quadrants varying from 40 m? to 12 km?,
depending on the size of the field. Sample sets are labeled accord-
ing to the following notational approach: location (SW = south-
west, SC = south central, C = central, and NW = northwest)
followed by a farm designation (1,2,...n) with a hyphen separating
a field designation (A,B,...n) and the year sampling was conducted
(98, 99, and 00). Diseased plant tissue (between 4 to 20 per quad-
rant) was collected from quadrants in an arbitrary fashion. Isola-
tion from diseased plant material was made onto BARP (25 ppm
of benomyl, 100 ppm of ampicillin, 30 ppm of rifampicin, and
100 ppm of pentachloronitrobenzene)-amended UCV8 (840 ml of
distilled water, 163 ml of unclarified V8 juice, 3 g of CaCO;, and
16 g of agar) plates. Procedures for obtaining single zoospore
isolates were as previously described (9). Single zoospore cultures
were maintained on RA (30 ppm of rifampicin and 100 ppm of
ampicillin)-UCV8 plates and transferred bimonthly. For long-term
storage, a 7-mm plug of expanding mycelium from each culture
was placed in a 1.5-ml microfuge tube with one sterilized hemp

TABLE 1. Inheritance of 17 amplified fragment length polymorphism
(AFLP) markers, compatibility type (CT), and mefenoxam sensitivity (MS)
in 107 progeny of a cross between Phytophthora capsici isolates OP97
(A14S) and SFF3 (A2/S)

Marker® Progeny ratio® x Pd

E+AC/M+CA-66 47:60 1.58 0.20
E+AC/M+CA-97 51:56 0.23 0.70
E+AC/M+CA-146 53:54 0.01 0.90
E+AC/M+CA-149 60:47 1.58 0.20
E+ACM+CA-156 64:43 4.12 0.04
E+AC/M+CA-159 56:51 0.23 0.70
E+AC/M+CA-244 46:61 2.10 0.17
E+AC/M+CA-258 52:55 0.08 0.80
E+AC/M+CA-270 53:54 0.01 0.98
E+AC/M+CA-282 56:51 0.23 0.70
E+AC/M+CA-290 62:45 2.70 0.13
E+AC/M+CA-328 55:52 0.08 0.80
E+AC/M+CA-351 61:46 2.10 0.15
E+AC/M+CA-398 55:52 0.08 0.80
E+AC/M+CA-431 55:52 0.08 0.80
E+AC/M+CA-435 57:50 0.46 0.90
E+AC/M+CA-444 49:58 0.76 0.85
CT 53:54 0.01 0.98
MS 47:60 1.58 0.20

a AFLP marker labels indicate the restriction enzymes (E = EcoRl, M =
Msel), the two selective nucleotides, and the size of the DNA fragment in
base pairs.

b presence/absence ratios for AFLP markers, A1/A2 for CT, and sensitive (S§)/
intermediately sensitive (IS) for MS as determined by in vitro screening.

¢ %2 value for testing 1:1 segregation (1 df).

¢ Probability of the observed ratio occurring by chance under the null
hypothesis of 1:1 segregation.
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seed and 1 ml of sterile distilled water (SDW). Isolates were then
incubated for 2 to 3 weeks at 23 to 25°C before being stored at
15°C.

CT and MS determination. Agar plugs from the edge of an
expanding single zoospore colony were placed at the center of
UCVS plates approximately 2 cm from ATCC isolate 15427 (Al
CT) and ATCC 15399 (A2 CT) and incubated in the dark at 23 to
25°C for 3 to 6 days. Following incubation, CT was determined.
Thereafter, all CT determinations were crossed with field isolates
OP97 (A1) and SP98 (A2).

Agar plugs from the edge of actively expanding single zoospore
colonies were placed at the center of UCV8 plates (100 x 15 mm)
amended with 0 or 100 ppm of mefenoxam (Ridomil Gold EC,
Novartis, Greensboro, NC; 48% active ingredient, suspended in
SDW; added to UCV8 cooled to 49°C). Inoculated plates were
incubated at 23 to 25°C for 3 days, and colony diameters were
measured. Percent growth of an isolate on amended media was
calculated by subtracting the inoculation plug diameter (7 mm)
from the diameter of each colony and dividing the average diam-
eter of the colony on amended plates by the average diameter of
the colony on unamended control plates. All tests were conducted
at least two times. An isolate was scored as sensitive (S) if growth
at 100 ppm was <30% of the control, intermediately sensitive (IS)
if growth was between 30 and 90% of the control, and insensitive
(I) if growth was >90% of the control (9).

DNA extraction and AFLP fingerprinting. Bacterial contami-
nation was avoided by using a modified Van Teigham cell (5). The
uppermost portion of a 7-mm plug of mycelium was placed on the
surface of RA-WA plates (30 ppm of rifampicin, 100 ppm of
ampicillin, 1,000 ml of distilled water; and 16 g of agar) and an
autoclaved cap from a 1.5-ml microfuge tube was placed over the
plug, which forced the isolate to grow through the amended
medium. Isolates were incubated in the dark for 2 to 3 days before
two 7-mm plugs were transferred to approximately 15 ml of
RA-UCVS broth in petri dishes (100 x 5 mm) and incubated in the
dark for 3 days at 23 to 25°C. Mycelial mats were washed with
distilled water and dried briefly under vacuum before being frozen
to —20°C and lyophilized.

Lyophilized mats were ground with a sterile mortar and pestle.
Whole genomic DNA from approximately 50 mg of ground
mycelium was extracted with a plant mini kit (Qiagen Dneasy;
Qiagen Inc., Valencia, CA) according to the manufacturer’s direc-
tions or using a cetyltrimethylammonium bromide (CTAB) proce-
dure in conjunction with an automated DNA extractor. DNA was

TABLE 2. Estimates of genetic diversity within populations of Phytophthora
capsici in Michigan

No. of No. and %
No. of AFLP polymorphic  Estimated average
Population®*  isolates® bands bands® heterozygosity
SW1-A98 57 72 37(39) 0.16
SW1-A99 141 72 3739 0.16
SW1-B99 35 69 38 (40) 0.16
SW1-B0O 24 69 38 (40) 0.16
SC1-A98 50 68 42 (45) 0.17
SC2-B99 45 7 43 (46) 0.17
C1-A00 48 77 41 (44) 0.17
NW1-A99 37 80 44 (47) 0.19
NW2-B98 24 73 46 (49) 0.18

= First two capital letters indicate location in Michigan with S = south, W =
west, C = central, and N = north, the number following the location desig-
nator indicates the farm, the capital letter following the hyphen is a field
designator, and the numbers followmg the field designator indicate year
(e.g., 00 = 2000).

b Total number of isolates with unique multilocus amplified fragment length
polymorphism (AFLP) profiles.

© Percent polymorphic bands determined by dividing the number of poly-
morphic bands by the total number of bands recovered in Michigan
(N =94).



quantified by Nucleic Acid QuickSticks (Clontech, Palo Alto, CA)
according to the manufacturer’s directions or on 1.5% agarose
gels. Approximately 100 ng of DNA was subjected to a restric-
tion/ligation reaction, preselective amplification, and selective
amplifications using the polymerase chain reaction (PCR) core
mix, adaptor sequences, core primer sequences, and fluorescence-
labeled primers provided by an AFLP microbial fingerprinting kit
(Perkin-Elmer Applied Biosystems [PE/ABI], Foster City, CA)
and performed exactly as described in the AFLP microbial finger-
printing protocol part 402977 Rev A (PE/ABI) (25). All PCR reac-
tions were performed with a minicycler (MJ Research Inc.,
Waltham, MA) in 0.2-ml tubes according to the cycling parame-
ters outlined in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed with
preselective products from P. capsici isolate OP97, which was
isolated from a cucumber fruit in 1997 (9). Selective amplifica-
tions with the selective primers EcoRI-AA, AC, AG, and AT were
performed in all 16 combinations with the Msel-CA, CC, CG, and
CT selective primers. EcoRI-selective primers available from
PE/ABI were labeled at the 5" end with either carboxyfluorescein
(FAM), carboxytetramethyrhodamine (TAMRA), or carboxy-4’,5"-
dichloro-2,7’-dimethoxyfluorescein (JOE) fluorescent dyes. The
fluorescent dyes were excited by laser radiation and visualized by
their characteristic absorption-emission frequencies.” Only the
fragments containing an EcoRI restriction site were resolved.

Selective amplification AFLP products and a carboxy-X-rhoda-
mine size standard were loaded into each lane on a denaturing poly-
acrylamide gel and the fragments resolved in a DNA sequencer
(Prism 377; ABI). Results were prepared for analysis in the form
‘of electropherograms using GeneScan Analysis software (PE/ABI).
AFLP fragments were scored manually as present = 1 or absent =
0 using Genotyper (PE/ABI). Only DNA bands that consistently
exhibited unambiguous presence/absence profiles were scored.

In order to assess the reproducibility of AFLP profiles, a single
isolate, OP97, was subjected to the aforementioned protocol using

three optimal primer pair combinations on three separate occa-

sions approximately 3 months apart.

No prior sequencing or cloning of fragments is needed to utilize

this marker system and it is highly reproducible between labs (1).
AFLP markers are generally scored as present or absent (e.g.,
dominant markers), and the confidence with which population
level inferences can be made is greatly increased by sample sets
that are approximately twice the size used for codominant markers
(7,12,28). '

Marker inheritance. Oospore progeny (N = 107) resulting
from a cross between isolate OP97 (A1/IS) x SFF3 (A2/S) were
subjected to AFLP analysis as described previously. Protocols for
the generation, germination, and phenotypic characterization of
the F1 oospores from this cross have been reported previously (9).
The inheritance of AFLP bands present in one parent and absent in
the other were analyzed by chi-square analysis to compare ob-
served numbers to those expected under simple Mendelian inheri-
tance (23). Bands present in a single parent and inherited in all the
progeny were assumed to be present in two copies in the parent.
Bands present in both parents, or present in two copies in one
parent and absent in the other, are not reported on in this study.
Individual oospore isolates were evaluated to determine if they
were the products of self-fertilization or outcrossing between the
parent isolates.

Clone detection. AFLP fragments for each field isolate were
scored for presence or absence, and the binary data matrix was
converted to a similarity matrix using a simple matching coef-
ficient of resemblance with the program NTSYS-pc version 2.02k
(Exeter Software, Setauket, NY). Unweighted pair group method
with arithmetic averages (UPGMA) cluster analysis was perform-
ed on the similarity matrix and a tree was generated. Isolates
showing complete homology at all loci were considered members
of the same clonal lineage and, except for a single representative

isolate (referred to as a clone), were excluded from population
genetic analysis (13). e

Population genetic analysis. Sample sets collected from single
fields during a single year were considered a population. Popu-
lations were assumed to be in Hardy-Weinberg equilibrium, and
each AFLP locus was assumed to be diallelic and selectively
neutral. The program tools for population genetic analysis (TFPGA)
(M. P. Miller, Northern Arizona University, Flagstaff) was used to
assess genetic diversity within each population on the basis of
estimated average heterozygosity (15) and the proportion of poly-
morphic loci at the 95% level (6), and to calculate pairwise and
overall fixation indices (F statistics) according to the methods of
Weir and Cockerham (26). Confidence intervals for F statistics at
the 95% confidence level were generated by bootstrapping using
1,000 iterations.

The fixation index, as described by Wright, equals the reduction
in heterozygosity expected with random mating at any one level of
a population hierarchy relative to another more inclusive level of
the hierarchy (27). Weir and Cockerham’s approach to estimating
fixation indices attempts to correct for the effects of sampling a
limited number of organisms from a limited number of popula-
tions and is reported as ®sr instead of Fgr (26). Theoretically,
the fixation index has a minimum of 0 (no loss of heterozy-
gosity between the populations compared) and a maximum of 1
(indicating fixation for alternative alleles in different populations
or a total loss of heterozygosity), but, as discussed by Hartl and
Clark (6), the observed maximum is usually much less than 1.
Wright (27) has suggested the following qualitative guidelines
for the interpretation of fixation indices: the range 0 to 0.05 indi-
cates little genetic differentiation, 0.05 to 0.15 indicates moderate
genetic differentiation, 0.15 to 0.25 indicates great genetic dif-

‘ferentiation, and values above 0.25 indicate very great genectic

differentiation.
Using the program NTSYS-pc, the combined 0/1 data matrix

- for isolates from all populations was used to construct a genetic

similarity matrix of all possible pairwise comparisons of indivi-
duals within and among populations using Jaccard’s similarity co-
efficient: GS(ij) = a/(a + b + ¢). GS(ij) is the measure of genetic
similarity between individuals i and j, where a is the number of
polymorphic bands shared by i and j, b is the number of bands
present in i and absent in j, and c is the number of bands present in
J but absent in i. Trees were constructed using UPGMA cluster
analysis to provide a graphic representation of the relationships
among isolates. A cophenetic correlation coefficient was computed
to assess the goodness of fit of the tree to the similarity matrix.

TABLE 3. Clonal component of genotypic diversity within populations of
Phytophthora capsici from Michigan

Unique AFLP No. of Minimum:maximum
Total no. genotypes clonal no. of isolates per

Population® of isolates (%)° lineages clonal lineage
SWI1-A98 63 57 (90) 5 2:2
SW1-A99 200 141 (71) 15 2:40
SW1-B99 71 34 (48) 12 2:9
SW1-B00 36 24 (67) 5 2:8
SC1-A98 57 50 (88) 5 2:3
SC2-B99 56 45 (80) 5 2:5
C1-A00 51 48 (94) 3 2:2
NWI1-A99 88 37 (42) 12 2:12
NW2-B98 24 18 (75) 3 2:3

Total 646 454 (70) 65 .

? First two capital letters indicate location in Michigan with S = south, W =
west, C = central, and N = north, the number following the location
designator indicates the farm, the capital letter following the hyphen is a
field designator, and the numbers following the field designator indicate
year (e.g., 00 = 2000).

® Percentages calculated by dividing the number of unique amplified
fragment length polymorphism (AFLP) genotypes by the total number of
isolates recovered.



Genetic structure was also examined by analysis of molecular
variance’ (AMOVA) using the ARLEQUIN software package (L.
Excoffier, University of Geneva). The AMOVA analysis was used
to partition the variance in banding patterns within and among
populations from the same geographical site over consecutive
years, between sites on the same farm separated by approximately
1 km, and between all the locations sampled in Michigan. Sig-
nificance values were assigned to variance components based on a
set of null distributions generated by a permutation process, which
randomly assigned individuals to populations and drew 1,000 in-
dependent samples. In order to clearly summarize the spatial
aspect of genetic differentiation, regression was used to fit an
appropriate model to the plot of pairwise @gr values and
geographical distances.

RESULTS

AFLP band characterization and marker inheritance.
Evaluation of 16 EcoRI + 2/Msel + 2 selective primer pair combi-
nations indicated that EcoRI + AC/Msel + CA (EAC/MCA) pro-
vided the most clearly resolved fragment profile, and this primer
pair was used to analyze DNA from the isolates in this investi-

gation. AFLP profiles for isolate OP97, generated from separate .

DNA extractions on three separate occasions over a 1-year period,
were identical, with only minor differences in the intensity of the
electropherogram signal. Occasionally, individual reactions result-
ed in poorly resolved fingerprint profiles (e.g., low intensity of
signal) and were repeated until signals were deemed optimal. The
EAC/MCA primer combination resulted in 94 clearly resolved
fragments between 40 and 550 bps when considering all the iso-
lates recovered from Michigan.

AFLP analysis of oospore progeny from cross OP97 x SFF3 re-
vealed that all 107 progeny had a combination of bands that were
present in only a single parent, indicating that each was a product
of outcrossing and not self-fertilization. A comparison of the
observed to the expected ratios (1:1) for 17 bands, which were
present in only one parent, indicated that only one band segre-
gated in a manner significantly different than expected (P = 0.05)
(Table 1). Chi-square analysis also indicated that the observed
ratios of A1/A2 CT and S/IS MS were not significantly different
than expected under Mendelian inheritance (Table 1).

Gene and genotypic diversity. Each isolate was scored for the
presence or absence of all 94 AFLP bands. The number of AFLP
bands present in each population ranged from 68 to 80, with an
average of 72; the number of polymorphic bands ranged from 39
to 49, with an average of 43; and the estimated average hetero-
zygosity ranged from 0.16 to 0.19, with an average of 0.17 (Table
2). These measurements fall within the range described for a wide
range of obligately outcrossing diploid plant species. Seventeen
(18%) AFLP loci were fixed for the present state (every isolate
analyzed had these AFLP markers) in all populations; 12 (13%)
were polymorphic in all populations, and 65 (69%) were fixed for
presence or absence in some populations and polymorphic in
others. The high proportion of AFLP markers fixed among the
populations gives a strong indication that significant genetic dif-
ferentiation exists.

Of the 646 isolates analyzed, 70% had unique multilocus AFLP
profiles (Table 3). This suggests that inoculum originating from
oospores plays a surprisingly large role in contributing to epi-
demic development. The number of clonal lineages detected from
single locations in Michigan varied from 3 to 15, and the number
of isolates within any single clonal lineage ranged from 2 to 40

TABLE 4. Pairwise F statisics ({g7)* (below diagonal) and geographical distances (in kilometers, above diagonal) among Phytophthora capsici populations in

Michigan

Populations®  SW1-A98 SW1-A99 SW1-B99 SW1-B0O SC1-A98 SC2-B99 C1-A00 NW1-A99 NW2-B98
SW1-A98 0 1 1 165 © 169 150 180 185
SW1-A99 0.04 1 1 165 169 150 180 185
SW1-B99 0.18 0.25 0 166 170 150 180 185
SW1-B0O 0.25 0.24 0.03 166 170 150 180 185
SC1-A98 0.36 0.37 0.29 029 8 135 260 265
SC2-B99 0.33 0.35 0.32 033 0.28 130 255 260
C1-A00 0.36 0.37 0.33 0.32 0.38 0.40 140 145
NWI1-A99 0.32 0.34 0.30 0.30 0.32 0.32 0.38 5
NWwW2-B98 0.36 0.37 0.31 0.32 0.33 033 0.33 0.27

» Estimated fixation index calculated according to the methods of Weir and Cockerham.
b First two capital letters indicate location in Michigan with S = south, W = west, C = central, and N = porth, the number following the location designator
indicates the farm, the capital letter following the hyphen is a field designator, and the numbers following the field designator indicate year (e.g., 00 = 2000).

TABLE 5. Results of nested analysis of molecular variance (AMOVA) for Phytophthora capsici isolates based on 94 amplified fragment length polymorphism

markers

Source of variation® Degrees of freedom Sum of squares Variance component Percent variation P

SW1-A (1998-1999)
Among populations 1 39.658 0.396 5.05 <0.0001
Within populations 197 1,461.559 7.457 94.95

SW1-B (1999-2000)
Among populations 1 6.678 0.016 0.27 0.0029
Within populations 57 312.399 6.248 99.73

SW1-A vs. SWI-B
Among populations 1 234.790 2762 27.34 <0.0001
Within populations 255 1,820.294 7.340 72.66

All locations
Among populations 6 1,169.295 4.814 39.67 <0.0001
Within populations 273 1,984.345 7.322 60.33

a First two capital letters indicate location in Michigan with S = south, W = west, C = central, and N = north, the gumber following the location designator
indicates the farm, and the capital letter following the hyphen is a field designator. Variance is partitioned between 1998 and 1999 at SW1-A, between 1999
and 2000 at SW1-B, between combined sample sets from SW1-A and SW1-B, and within and between sample sets from seven locations in Michigan. AMOVA
analysis for all locations includes sample sets from a single year for locations SW1-A and SW1-B.

b P = the probability of obtaining a more extreme variance component estimate by chance alone based on 1,000 sampling realizations.
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(Table 3). In all cases, isolates with idéntical multilocus AFLP
profiles had identical CT and fell into the same MS category. No
clones were recovered among separate. locations, and cluster
analysis indicated that isolates from the same location grouped
discretely. The percentage of genotypically unique isolates re-
covered at locations ranged between 42 and 94% (Table 3). This
wide variation may be due to when the samples were collected.
Sample sets collected at SW1-A over the course of the 1999
growing season exhibited significantly less genotypic diversity at
the end of the season due to the spread of clonal lineages (10).
This is expected for an organism with polycyclic disease develop-

ment and suggests that samples collected early in a P. capsici
epidemic may provide a better estimate of genic diversity than
samples collected at the height of an epidemic.

Temporal dynamics. F statistics (Psy) comparing populations
of P. capsici recovered from field SW1-A over 1998 and 1999,
and field SW1-B over 1999 and 2000 were 0.04 and 0.03, respec-
tively. These values indicate that very little genetic differentiation
or loss of heterozygosity occurred between years at either location
(Table 4). At both locations, the number and identity of AFLP
bands resolved remained identical over time, with 72 total bands
recovered from populations at SW1-A and 69 bands recovered
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Fig. 1. Unweighted pair-group method with arithmetic average cluster analysis of Phytophthora capsici isolates from location SW1-B over 1999 and 2000 (N=
58) and SW1-A in 1998 (N = 57) based on the Jaccard similarity coefficient using 94 amplified fragment length polymorphism markers. Nodes contain isolates
exclysively from single locations. Location identifiers precede the inclusive node and are indicated by region (S = south, N = north, W = west, and C = central)
and a farm identifier (1,2,...n) prior to the hyphen with a field indicator (A, B,...n) and the year of sampling (e.g., 00 = 2000) following.

TABLE 6. Location, year, hosts, compatibility type, and mefenoxam sensitivity of genetically unique Phytophthora capsici isolates collected in Michigan

between 1998 and 2000

Compatibility type/mefenoxam sensitivity?

Population® Hosts? No. of isolates® Al/S Al/IS All A2/S A2/1S A2/11
SWI1-A98 S, PK 57 4(0.07) 31 (0.54) 6(0.11) 16 (0.28)
SWI1-A99 S 141 1(0.01) 17(0.12) 57 (0.40) 1(0.01) 23 (0.16) 42 (0.30)
SW1-B99 S 34 14 (0.41) 4(0.12) 11(0.32) 4(0.12) 1(0.03)
SW1-B00 S 24 7(0.29) 5(0.21) 5(0.21) 5(0.21) 2(0.08)
SCI1-A98 C 50 10 (0.20) 17 (0.34) 2 (0.04) 10 (0.20) 11 (0.22)
SC2-B99 C 45 6 (0.13) 22 (0.49) 2(0.04) 15 (0.33)
C1-A00 P 48 20 (0.42) 28 (0.58)
NW1-A99 S, C 37 25 (0.68) 12 (0.32)

NW2-B98 P 18 10 (0.56) 7(0.39) 1(0.05)
Total 454 87 (0.19) 53(0.12) 112 (0.25) 74 (0.16) 52(0.11) 76 (0.17)

* First two capital letters indicate location in Michigan with S = south, W = west, C = central, and N = north, the number following the location designator
indicates the farm, the capital letter following the hyphen is a field designator, and the numbers following the field desi gnator indicate year (e.g., 00 = 2000).

® § = squash, C = cucumber, PK = pumpkin, and P = pepper.

¢ Total number of isolates with unique multilocus amplified fragment length polymorphism profiles.
¢ Mefenoxam sensitivity determined by in vitro screening on 100 ppm of mefenoxam-amended media with S = <30% growth of control (GC), IS = between 30

and 90% GC and I = >90% GC. Observed numbers are followed by proportion of total sample size in parenthesis.



from populations at SW1-B (Table 2). The number and identity of
bands polymorphic at the 95% level (37 for SW1-A and 38 for
SW1-B) and the estimated average heterozygosity (0.16 for both
locations) also remained constant over time (Table 2). AMOVA
analysis of SW1-A and SW1-B over time partitioned 5% of the
total variability between years for SW1-A and <1% of the total
variability between years at SW1-B (Table 5). Significant clonal
reproduction was detected at both field sites within a given year,
but no members of the same clonal lineage were detected among
locations or years (Table 3). Thus, even though individual geno-
types did not appear to survive the winter, the data suggest that
there was enough outcrossing and survival of the resulting recom-
binant progeny at both these locations to maintain genic diversity.
Cluster analysis showed that isolates from SW1-A and SW1-B
branched from location-specific nodes (branch points on the tree).
If there was migration between the locations, then isolates from

SWI1-A and SW1-B would be expected to be intermixed in the
cluster analysis. On the other hand, there was no clustering within
either of the location-specific clusters based on year (Fig. 1). The
ratio of A1/A2 CT approximated a 1:1 ratio at each location
(Table 6). The percentage of isolates falling into the six MS/CT
categories remained relatively similar between years at each loca-
tion, with a breakdown of 0 and 1% Al/S, 7 and 12% AIl/IS, 54
and 40% A/, 0 and 1% A2/S, 11 and 16% A2/IS, and 28 and
30% A2/1 for location SW1-A in 1998 and 1999, respectively
(Table 6). The percentage of isolates in each of the six categories
for SW1-B was 41 and 29% A1/S, 12 and 21% AU/IS, 0 and 0%
Al/1, 32 and 21% A2/S, 12 and 21% A2/1S, and 3 and 8% A1
between 1999 and 2000, respectively (Table 6).

Genetic structure. Pairwise ®sr values ranged from 0.18 to
0.40 when comparing populations from different locations (Table
4). According to Wright’s criterion, this means that populations
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Fig. 2. Unweighted pair-group method with arithmetic average cluster analysis of 255 Phytophthora capsici isolates from six locations in Michigan based on
the Jaccard similarity coefficient using 94 amplified fragment length polymorphism markers. Nodes contain isolates exclusively from single locations. Location
identifiers precede the inclusive node and are indicated by region (S = south, N = north, W = west, and C = central) and a farm identifier (1,2,...n) prior to the
hyphen with a field indicator (A, B,...n) and the year of sampling (e.g., 00 = 2000) following.



were greatly differentiated, even when located as close as 1 km
apart. The overall ®sp value when analyzing isolates from all
seven locations combined was 0.34 (SD = 0.03), which indicates
that approximately 34% of the total genetic variation was present
among locations. An AMOVA analysis of sample sets from all
locations corroborated this finding and attributed 40% of the
genetic variation among populations and 60% within populations
(Table 5). Cluster analysis was also in agreement with the overall
fixation index and revealed that populations from different geo-
graphical locations branched from specific nodes (Figs. 1 and 2),
with population-specific clusters being between 63 and 75%
similar. Genetic similarities between individuals within each of
the clusters showed similar patterns with individuals ranging be-
tween 75 to 95% for SW1-A (1998 and 1999), 77 to 94% for
SW1-B (1999 and 2000), 75 to 94% for SC1-A98, 69 to 92% for
SC2-B99, 76 to 95% for C1-A00, 71 to 97% for NW1-A99, and
72 to 93% similar for NW2-B98 (Figs. 1 and 2). The cophenetic
correlation coefficient for the overall tree (Fig. 2) was 0.84,
indicating that the tree provided a good fit to the data matrix. The
results of fitting a linear model to describe the relationship be-
tween pairwise Pgr and pairwise geographical distances indicated
a significant relationship (2 = 42.67; P < 0.01) (Fig. 3). Although
this analysis should be interpreted with caution due to the un-
balanced nature of the sample (28 observations between 130 to
265 km and only 6 observations between 1 to 8 km), it suggests
that the genetic differentiation among locations only becomes
more substantial with increasing distance.

DISCUSSION

In Michigan, producers of tomatoes, peppers, and cucurbits have
experienced increasing losses to P. capsici during the last 10 to
15 years. Land suitable for vegetable production is limited in
some areas and the length of crop rotation is restricted. A mini-
mum of 3-years rotation to nonsusceptible hosts is a standard
recommendation (20). The efficacy of rotation in a disease man-
agement program depends on the ability of P. capsici to survive
and move among locations. Determining the survival period of
naturally produced P. capsici propagules is difficult (2) because
inoculum may be present in a small, often undetectable amount.
Although significant Jocal spread via water has been demonstrated
(21), there is little information concerning the movement of P
capsici among geographically separated locations. We report on
isolates from seven geographically separated locations as part of
an ongoing investigation aimed at determining how P. capsici sur-
vives and characterizing the dynamics of dispersal. Segregation
analysis of 17 of the AFLP markers used in this study suggests
they are generally inherited as diallelic Mendelian characters and
therefore are useful for estimating population genetic measures
with P. capsici.

Earlier studies suggest that outcrossing is an important compo-
nent of the life history of P. capsici and that recombination has a
significant impact on the genetic structure of populations (9,10).
The data reported here support these previous conclusions, but
suggest that outcrossing occurs on a local scale. This is best il-
lustrated by the grouping of isolates into location-specific clusters.
Gene flow among locations serves as a powerful evolutionary
force to reduce genetic differentiation (6), and the distinct group-
ing of isolates based on location is typical for populations that are
reproductively isolated. It is unlikely that incompatibility among
the isolates from different locations is responsible because the
progeny from the interregional cross (OP97 x SFF3) were all hy-
brid and previous crosses between isolates from separate popula-
tions suggested similar results (9). The estimated pairwise fixation
indices and AMOVA analysis quantified the differences among
the populations and indicated that >25% of the observed genetic
variation was unique to single locations. Hartl and Clark state that
migration of a small number of individuals (e.g., one to two) per

generation is generally sufficient to keep fixation indices at 0.10
or less (6). The observed pairwise fixation indices among the
populations presented here suggest that movement among loca-
tions was rare. Although polycyclic disease development appears
to play an important role in disease development within a single
growing season, there were no members of the same clonal
lineage recovered among the seven locations or among years at
SW1-Aor SW1-B.

The finding that movement among locations appears to be rare
suggests that the efficacy of rotation may depend more on the
long-term survival of P. capsici than on movement among loca-
tions. The fields at farm SW1 provided a unique opportunity to
investigate survival and spread. Both SW1-A and SW1-B had P
capsici epidemics in 1999, and the only difference among the two
was previous rotation patterns. SW1-A was continuously cropped
to squash from 1997 to 1999. Location SW1-B was the site of a
severe F. capsici epidemic on squash in 1994 that was followed by
a soybean and corn rotation until squash was planted again in

. 1999. The locations are irrigated from separate wells, do not share

drainage water, and plant tissue is not knowingly moved among
the sites. These fields are of particular interest because they
differed significantly in the proportion of mefenoxam insensitive
isolates collected in 1999. Only 2 of the 141 genetically unique
isolates collected from SWI1-A were sensitive to mefenoxam,
whereas 24 of the 35 unique isolates recovered from SW1-B were
sensitive to mefenoxam. This suggests very little, if any, move-
ment of isolates from SW1-A to SW1-B. The patterns of diversity
at the DNA level clearly separate the isolates into two discrete
populations and effectively rule out gene flow in 1999. The genic
stability of P. capsici at SW1-A from 1998 to 1999, and at SW1-B
from 1999 to 2000, suggests that movement into these sites was’
rare. In light of these findings, a reasonable explanation for the
epidemic at SW1-B in 1999 is that oospores formed during the
1994 epidemic remained dormant over five winters and provided
the initial inoculum. There are reports of oospores surviving ex-
tended periods for other Phytophthora spp. (5), and continued
tracking of the P. capsici populations at the locations presented
here should help us decipher the relative contributions of reintro-
duction and survival.

The finding that population differentiation increased with dis-
tance, considering the magnitude of genetic differentiation at even
the closest sites, is consistent with rare founding events origi-
nating from nearby locations or from a similar source population.
For example, farms SC1 and SC2 are not connected by water-
ways, nor do they share equipment, but both produce cucumbers
for the pickling industry and utilize the same processing station.
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Fig. 3. Association between the degree of genetic subdivision (pairwise ®gy)
and pairwise geographical distances among Phytophthora capsici popula-
tions at seven locations in Michigan (2 = 42.6; P < 0.01).



When a semitrailer of cucumber fruit is delivered to the proces-
sing station the weight of oversized, undersized, or diseased
cucumbers (culls) is estimated and the trailer is reloaded with a
corresponding weight of culls sorted from previous deliveries.
Traditionally, these culls are spread onto fields with a manure
spreader. A single cucumber cull infected with Al and A2 CT may
contain thousands of oospores (K. H. Lamour and M. K.
Hausbeck, unpublished data) and it is possible that transfer of
infected culls may have contributed to the dissemination of P.
capsici in Michigan. All of the locations sampled in this study had
a history of P. capsici epidemics and investigation of a newly
infested field should provide insight into the nature of founding
events.

In summary, it appears that P. capsici persists in Michigan
fields as reproductively isolated outcrossing populations in which
the sexual stage is effectively linked to long-term survival. Thus,
even though single genotypes have the potential to increase sig-
nificantly within a single season, genic diversity is maintained
over time and new gene combinations are constantly generated.
Comparison of future sample sets to the baseline data presented
here should provide an opportunity to further clarify the contri-
butions of movement among locations and survival to the popula-
tion structure of P. capsici in Michigan.
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Worksheet 3-A(9)(d). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is oris

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
~ each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2}a). For the second
alternative, second research study, label the worksheet 3-(A){2)(b).

When completing Section i, if you cite a study that is on the EPA website, you only need to complete questions 1,5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section l. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in’ progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowiedges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. .

Use additional pages as needed.

/

Alternative: Crop Rotation Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and lmpllcatlons

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming cbuntry
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(9)(d). Alternatives - Technical Féa‘#ibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes - No X
1a. If not on the EPA website, please attach a copy. ‘

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002
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5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation

6. Was crop yield measured in the study? Yes No X
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fields, resulting in an oospore capable of surviving for long periods of time.
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other factors that would affect your adoption of this tool?
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Root, crown, and fruit rot caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential forrapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other comycetous organ-
isms (Bremia lactucae, P infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici, Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, repro-
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ductive biology, and the durability of currently recommended
management strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased

fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with quadrants varying from 40 m? to 12 km? A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields.. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique.
* Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety



of methods for “generating molecular markers were tested for
efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of P. capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA o the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to be members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or

absence (0), allele frequencies were estimated based on the -

assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of

mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, I1x S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring oospore progeny set (3).

In planta studies using sensitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated
and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢s7) between the



populations sampled on consecutive years were very cloe to zero,
indicating that gene diversity was not measurably impacted by
genetic drift (5). The overall estimated ¢s7 for populaticjns from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity present in Michigan P. capsici popula-
tions is found among populations and 65% is found within any
one population. AMOVA partitioned genetic diversity among
(40%) and within (60%) populations. The similarity tree based on
UPGMA cluster analysis clearly showed that isolates from the

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling. Cluster
analysis also clearly showed that populations separated geo-
graphically branched from population-specific nodes (5).

DISCUSSION

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

Asexual
reproduction

Sexual
reproduction

Fig. 1. Spore types and signs of infection caused by Phyfophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acorn squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 yum). E, Close-up of a
single tuft of sporangia (Bar = 30 pm). F, Typical papillate sporangium with a long pedicel (Bar = 20 pm). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 pm). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 pm). I,
Typical amphigynous cospore (Bar = 10 pm). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).



caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in F. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P. capsici analyzed. Tracking-asingle population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in

Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
‘each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number]
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) Ttie Agency has developed a list of possible -
alternative pest contro! regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research =

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency
and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotation Study: Investigating the impact of crop rotation on the
genetic structure of Phytophthora capsici.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibii the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(9)(e). Alternatives - Technical Feasibility of Alférnatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives tQ'_MethyI Bromide

1. Is the study on EPA's website? Yes No X _
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication submitted for publication in Fungal Genetics and Biology, 2002

" 4. Location of research study Michigan, USA

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.

Crop Rotation, Fallow

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Crop rotation was not effective because the cospore is long lived in Michigan soils.

8. Discuss how the results of the study apply to your situation. Would you expect similar resuits? Are there other
factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.
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. , ABSTRACT
Lamour, K. H. and Hausbeck, M. K. 200-. Investigating the impact of crop rotation on the

genetic structure of Phytophthora capsici. Fungal Genetics and Biology : -

Phytophthora capsici isolates (N = 104) recovered from a single field planted to
cucumbers (1998), cofn (1999 and 2000), and tomatoes (2001) were screened for compatibility -
type, mefenoxam sensitivity, and AFLP profiles. Eighty-nine percent of the isolates had unique
genetic profiles with 60% of the AFLP markers polymorphic. The ratio of A1:A2 compatibility
types was =1:1 and the frequency of mefenoxam insensitive isoiétes was similar between;ears.
No clonal lineages survived between 1998 and 2001 and the pool of phenotypic and genetic
diversity remained essentially intact. This suggests that (i) the site harbors a discrete outcrossing
population with little immigration, (ii) two years rotation to corn did not significantly reduce the
effective population size, and (iii) cropping to tomatoes did not significantly impact the overall

genetic structure of P. capsici at this location. The importance of sex in maintaining diversity

" and allowing survival within a natural population of P. capsici is discussed.

Index descriptors: sex, recombination, genetic drift, host selection, migration, AFLP,

population genetics, temporal variation.
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INTRODUCTION

Phytophthora capsici has been responsible for significant losses to vegetable producers in -

the United States during the last century (1, 7-9, 13, 19, 21, 22). In Michigan, P. capsici causes
root, crown, and fruit rot on cucumbers, squash, pumpkins, tomatoes, and peppers and the
incidence and severity of disease have increased significantly in the last ten to fifteen years.
Control strategies employed by Michigan vegetable producers include planting at well-drained
sites, crop rotation to non-susceptible hosts for at least two years, and the application of

fungicides. None of the above control strategies have prowded economic control under optimal

* environmental condifions for dlsease development. The phenylamide funglclde (PAF) -

mefenoxam, or the similarly acting compound metalaxyl, has been used by some growers.
Although PAFs are fungistatic to sensitive isolates of P. capsici, a significant problem is that
many populations of P. capsici in Michigan and elsewhere exposed to metalaxyl or mefenoxam
have adapted to PAF selection pressure and the efficacy of PAF’s in these populations may be
greatly reduced (2, 3, 10, 11, 17, 18). _

Phytophthora capsici is an outcrossing diploid organism that requires the presence of
both A1 and A2 compatibility types to complete the sexual stage and produce oospores (4).
Oospores are thick-walled and appear to play an important role in survival. Asexual
reproduction is completed by a coenocytic mycelial thallus able to procjuce sporangia on the
surface of infected tissue. Sporangia are borne on Iong.éaducous pediéels and may germinate
directly or indirectly. Sporangia germinate indirectly when immersed in free water and produce
20 to 40 motile zoospores. As is the case with many members of the genus Phytophthora, excess
moisture favors epidemic development (20).

Reports on the spatiotemporal genetic structure of P. capsici in Michigan suggest that
epidemics are initiated by dormant genetically diverse inoculum and that movement between
geographically separated locations is not common (12). Clonal reproduction may be significant
within a single growing season, but it appears that the perpetuation of clonal lineages is limited
to single fields and single growing seasons (12).

Previous temporal studies were conducted on Michigan P. capsici populations infecting

cucurbit hosts over the course of a single growing season or among years separated by a single
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winte:r (eg; November to March) and may not reflect the dynamics of P. capsici over longer
periods of time (eg; a typical two year rotation) or among diverse hosts. In the present
investigation we test the hypothesis that P. capsici can survive a thirty month non-host period via
dormant genetically diverse propagules. In addition, we investigated the effects of selection
among cucurbit and solanaceous hosts, genetic drift, and migration on population structure.
MATERIALS AND METHODS
Isolate recovery: Tomato plants and cucumber fruit exhibiting typical signs and symptoms of
infection by P. capsici were collected from a vegetable production field located in south central
Michigan that was planted to pickling cucumbers in 1998, corn in 1999 an_d—2000, and processing
tomatoes in 2001. Both the cucumbers and tomatoés were planted on flat ground and the field
was irrigated via a pivot irrigation system supplied with water from a well. At the time of
harvest in 1998, the majérity of the cucumber fruit present in this field had obvious signs and
symptoms of disease ranging from discrete water-soaked lesions to being entirely covered with a
white, powdery, layer of sporangia. Other than the fruit, the plants appeared to be healthy with
no symptoms of disease on foliage, vines, or stems. Close inspection indicated that a limited
number of plants (< 5%) scattered throughout the field were stunted.

In 2001, the most frequent above-ground symptom on tomatoes infected with P. capsici
was stunting with a small number of the infected plants showing wilt symptoms. Foliar lesions
were not observed. Plants were recovered prior to fruit being set and the incidence of fruit
infection was not determined. The crown area of infected plants was brown-black. Infected
plants often had a brown crumbly epidermis from the soil line to the tap root and a significant
reduction in feeder roots. In some cases, plants with infected tap roots had numerous
adventitious roots above the point of infection. During both 1998 and 2001 diseased plant
material was collected in haphazard fashion throughout the field.

Infected cucumbers were snapped in half by hand and a small section (c. 1 cm?) of tissue
removed from beneath the cuticle. The root and crown area of infected tomato plants were rinsed
with tap water and patted dry with paper towels before a section of tissue at the edge of an
expanding lesion was removed. Tissue was not surface sterilized prior to isolation. Isolations

were made onto BARP (benomyl 25 ppm, ampicillin 100ppm, rifampicin 30ppm, and
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pentachloronitrobenzene 100ppm) amended UCV8 (840 ml distilled water, 163 ml unclarified
V8 juice, 3 g CaCO,, and 16 g agar) plates. Plaites were incubated at room temperature in the
dark for 2 to 3 days before colonies were transferred. Procedures for obtaining single zoospore
isolates were as previously described (10). Single zoospore cultures were maintained on RA
(rifampicin 30 ppm, ampicillin 100 ppm)-UCVS8 plates and transferred bi-monthly. For long-
term storage, a 7-mm plug of expanding mycelium from each culture was placed into a 1.5 ml
microfuge tube with one sterilized hemp seed and 1 ml of sterile distilled water (SDW). Isolates
were then incubated for 2 to 3 weeks at 23 to 25°C before being stored at 15°C.

Compatibility typé and mefenoxam sensitivit;y determination: Agar plugs from the edge éf
an expanding single-zoospore colony were placed at the center of UCV8 plates approximately 2
cm from field isolates OP97 (A1) and SP98 (A2) and incubated in the dark at 23 to 25°C for 3 to
6 days. Following incubation, compatibility type was determined.

Agar plugé -f;om the edge of actively expanding single-zoospore colonies were placed at
the center of 100 x 15 mm UCV8 plates amended with 0 or 100 ppm mefenoxam (Ridomil Gold
EC, Novartis, Greensboro, NC; 48% Al, suspended in SDW; added to UCV8 cooled to 49°C).
Inoculated plates were incubated at 23 to 25°C for 3 days and colony diameters measured.
Percentage growth of an isolate on amended media was calculated by subtracting the inoculation
plug diameter (7-mm) from the diameter of each colony and dividing the average diameter of the
colony on amended plates by the average diameter of the colony on unamended control plates.
All tests were conducted at least twice. An isolate was scored as sensitive (S) if growth at 100
ppm was < 30% of the control, intermediately sensitive (IS) if growth was between 30 and 90%
of the control, and insensitive () if growth was > 90% of the control (10).

DNA extraction and AFLP fingerprinting: Bacterial contamination was avoided by using a
modified Van Teigham cell (4). The uppermost portion of a 7-mm plug of mycelium was placed
onto the surface of RA-WA plates (rifampicin 30 ppm, ampicillin 100 ppm, 1000 ml distilled
water, and 16 g agar) and an autoclaved cap from a 1.5 ml microfuge tube was placed over the
plug which forced the isolate to grow through the amended medium. Isolates were incubated in
the dark for 2 to 3 days before two 7-mm plugs were transferred to approximately 15 ml of

RA-UCV8 broth in 100 x 15 mm Petri dishes and incubated in the dark for three days at 23 to
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25°C. Mycelial mats were washed with distilled water and dried briefly under vacuum before
being frozen to -20°C and lyophilized.

Lyophilized mats were ground with a sterile mortar and pestle. Whole genomic DNA
from approximately 50 mg of ground mycelium was extracted using a QIAGEN Dneasy Plant
Mini Kit (QIAGEN Inc., Valencia, CA) according to the manufacturers directions. DNA was
quantified using Nucleic Acid QuickSticks (CLONTECH, Palo Alto, CA) according to the

manufacturer’s directions or on 1.5% agarose gels. Approximately 100 ng of DNA was then

subjected to a restriction/ligation reaction, pre-selective amplification, and selective
ampliﬁcations using the PCR core mix, adabtor sequences, core})ri}ner sequences and
fluorescence labeled primefs provided in the AFLP™ Microbial Fingerprinting Kit (Perkin-
Elmer Corp., Foster City, CA) and performed exactly as described in the PE/ABI AFLP
Microbial Fingerprinting protocol part # 402977 Rev A (23). All PCR reactions were performed
using an MJ Research Minicycler (MJ Research Inc., Waltham, MA) in 0.2 ml }tuées according to
the cycling parameters outlined in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed using pre-selective products from
P. capsici isolate OP97 which was isolated from a cucumber fruit in 1997 (10). Amplifications
with the selective primers EcoRI-AA, AC, AG and AT were performed in all 16 combinations
with the Msel-CA, CC, CG and CT selective primers. EcoRI selgctive primers were labeled at
the 5' end with either carboxyfluorescein (FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4',5'-dichloro-2',7"-dimethoxyfluorescein (JOE) fluorescent dyes. The fluorescent dyes
were excited by laser radiation and visualized by their characteristic absorption-emission
frequencies. Only the fragments containing an EcoRlI restriction site were resolved.

Selective amplification AFLP products and a carboxy-X-rhodamine (ROX) size standard
were loaded into each lane on a denaturing polyacrylamide gel and the fragments resolved in an
ABI Prism 377 DNA Sequencer. Results were prepared for analysis in the form of
electropherograms using GeneScan Analysis software (PE/ABI). AFLP fragments were scored
manually as present = 1 or absent = 0 using Genotyper (PE/ABI). Only DNA bands which
consistently exhibited unambiguous presence/absence profiles were scored.

In order to assess the reproducibility of AFLP profiles, a single isolate, OP97, was
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subjected to the aforementioned protocol using three optimal primer pair combinations on three
selfjarate occasions approximately three months apart.

Clone detection: AFLP fragments for each field isolate were scored for presence or absence,
and the binary data matrix was converted to a similarity matrix with the program NTSYSpc
version 2.02k (Exeter Software, Setauket, NY). Unweighted pair group method with arithmetic
averages (UPGMA) cluster analysis was performed on the similarity matrix and a tree was
generated. Isolates showing complete homology at all loci were considered to be members of the

same clonal lineage, and except for a single representatlve isolate (referred toasa c]one) were

excluded from population genetic analysis (15).
Population genetic analysis: Sample sets collected from single fields during a single year were
considered a population. Populations were assumed to be in Hardy-Weinberg equilibrium, and
each AFLP locus was assumed to be di-allelic and selectively neutral. The program ‘Tools for
population genetic analysis’ (TFPGA) (Miller, M. P., Northern Arizona Univ., Flagstaff, AZ)
was used to assess genetic diversity within each population on the basis of estimated average
heterozygosity (16) and the proportion of polymorphic loci at the 95% level (6), and to calculate
pairwise and overall fixation indices (F-statistics) according to the methods of Weir and
Cockerham (24). Confidence intervals for F-statistics at the 95% confidence level were
generated by boot-strapping using 1000 iterations. Estimates of the percent polymorphic loci
and estimated average heterozygosity were calculated based on the 68 AFLP markers resolved.
The fixation index, as described by Wright, equals the reduction in heterozygosity
expected with random mating at any one level of a population hierarchy relative to another, more
inclusive level of the hierarchy (25). Weir and Cockerham’s approach to estimating fixation
indices attempts to correct for the effects of sampling a limited number of organisms from a
limited number of populations and is reported as @ instead of Fgr (24). Theoretically, the

fixation index has a minimum of 0 (no loss of heterozygosity between the populations compared)

and maximum of 1 (indicating fixation for alternative alleles in different populations or a total

loss of heterozygosity), but, as discussed by Hartl and Clark (6), the observed maximum is
usually much less than 1. Wright has suggested the following qualitative guidelines for the

interpretation of fixation indices: the range 0 to 0.05 indicates little genetic differentiation, 0.05
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to 0.15 indicates moderate genetic differentiation, 0.15 to 0.25 j—_i’ndicates great genetic
differentiation, and values above 0.25 indicate very great genetic differentiation.

Using the program NTSYS-pc, the combined 0/1 data matrix for isolates from all
populations was used to construct a genetic similarity matrix of all possible pairwise
comparisons of individuals within and among populations using Jaccard’s similarity coefficient:
GS(if) = a/(a + b + ¢). GS(§j) is the measure of genetic similarity between individuals i and j,

where a is the number of polymorphic bands shared by i and j, b is the number of bands present

-in i and absent in j, and c is the number of bands present in j but absent in . A tree was

constructed using UPGMA cluster analysis to provide a graphic representation of the
relationships among isolates.

Genetic structure was also examined by analysis of molecular variance (AMOVA) using
the ARLEQUIN software package (Excoffier, L., University of Geneva, Geneva). The AMOVA
analysis was used to partition thé v;riance in banding patterns within and among the populations.
Significance values were assigned to variance components on the basis of a set of null
distributions generated by a permutation process which randomly assigned individuals to
populations and drew 1000 independent samples.

| RESULTS
Isolate recovery: In 1998, 141 isglates of P. capsici were recovered from infected cucumber
fruit. Phenotypic cﬁaracterization of all 141 isolates and genetic characterization of 57 isolates
has been reported previously (10, 12). Here we report only on the 57 isolates characterized
genetically. In 2001, 47 isolates of P. capsici were recovered from infected tomato plants.
Genetic diversity, compatibility type, and sensitivity to mefenoxam: Evaluation of the 16
EcoRI + 2/Msel + 2 selective primer pair combinations indicated that EcoRI + AC/ Msel + CA
gave the most clearly resolved fragment profile and was used to amplify genomic DNA from all
isolates in both the 1998 and 2001 sample sets. This primer combination resulted in 68 clearly
resolved fragments of which 42 fragments were polymorphic in 1998 and 45 were polymorphic
in 2001 (Table 1). All 68 fragments were present in both 1998 and 2001 and no novel fragments
were detected among years. AFLP profiles for isolate OP97, generated from separate DNA

extractions on three separate occasions over a one year period, resulted in identical banding
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patterns with the only difference being minor changes in the intensity of the electropherogram
signal. Occasionally individual reactions resulted in poorly resolved fingerprint profiles (eg, low
intensity of signal) and were repeated until signals were deemed optimal.

In 1998, there were five clonal lineages detected with three lineages comprised of two

1
2
3
4
5 members and two lineages with three isolates each. In 2001, there were four clonal lineages
6 detected with two members each. No members of the same clonal lineage were detected among
7 the isolates collected in 1998 and 2001. The ratio of A1:A2 isolates was 29:21 in 1998 and 21:22
8 in 2001 (Table 2). These numbers approximate the 1:1 ratio expected for a randomly outcrossing
9 . diploid organism. The percentage of isolates falling into the three mefenoxam sensitivity
10 categories was 40% and 44% sensitive, 56% and 38% intermediately sensitive, and 4% and 18%
11 _ fully insensitive for 1998 and 2001 respectively (Table 2).
12 Temporal dynamics: The fixation index (@5;) among the populations of P. capsici recovered in
13 1998 and 2001 was 0.05 with a standard deviation of 0.01. This indicates tﬁat_ very little genetic
14 differentiation, or loss of heterozygosity, occurred between years at this location. The number

15 and identity of bands polymorphic at the 95% level and the estimated average heterozygosity
16 (0.17 for both years) remained relatively similar over time (Table 1). AMOVA analysis

17 partitioned 3% of the total variability among years indicating that 97% of the variation found in
18 1998 was also found in 2001 (Table 3). These data suggest that there was enough out-crossing
19 and survival of the resulting recombinant progeny at this location to maintain genic diversity.

20 UPGMA analysis showed that unique genotypes were between 76 and 96% similar and that

21 1solates from 1998 and 2001 were dispersed randomly throughout the tree (Fig 1). There was no
22 grouping of isolates based on year or host.

23 Discussion

24 In this study we investigated the genetic structure P. capsici infecting cucumbers and

25 tomatoes separated by two years of crop rotation to con. Previous studies indicate that genetic

26 diversity is high in natural populations of P. capsici in Michigan and that the pool of AFLP
27 markers resolved from the isolates at this location is unique (12). By tracking the changes in the
28 identity and frequency of the AFLP markers over time we were able to gain novel insight into the

29 survivability of P. capsici at a naturally infested site and to begin deciphering the impact of crop
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rotation on P. c,c}psici’s population structure.

There are three major evolutionary forces that could have changed the genetic structure of
P. capsici at this location between 1998 and 2001; genetic drift, selection, and migration (5, 14).
A significant pressure by any one of these should be discernable in the patterns of genetic
diversity recovered among years. Genetic drift refers to the random sampling process that occurs
within small populations over time (6). If only a small number of P. capsici propagules survived
between the epidemics in 1998 and 2001, then there should be significant changes in the
respective frequencies of neutral genetic markers just due to chance. In particular, it’s expected
that the total genetic diversity recovered in 2001 would be a sﬁbset of that recovered in 1§98 |
because some rare markers would be missed in the sampling (= survival) process. An in-depth
summary of genetic drift is not possible in this context, butit is clear that there was not a
significant reduction in the total genetic diversity among years at this location. This is illustrated
by the fixation index estimate of 0.05 and the AMOVA analysis which indicate that between 95
and 97% of the genetic diversity found in one year was also found in the other. This suggests
that enough propagules survived between 1998 and 2001 to withstand the differentiating effects
of genetic drift.

There are many environmental forces able to exert selective pressures on living
organisms. In the case presented here, the different susceptible hosts planted at this location have
the potential to select for different genetic characteristics in the P. capsici isolates attempting to
cause infection. If only a subset of the isolates able to infect cucumbers were able to successfully
infect tomatoes then an incomplete sample of the total genetic diversity would be represented by
the infecting propagules. Here again we would expect a subset of the genetic diversity recovered
in 1998 to be recovered in 2001. In this case, differentiation is not due to random sampling of a
small population, but to the non-random nature of the sampling process (eg; P. capsici isolates
possessing specific genetic characters or constellations of characters are more successful) that
occurs under selection. Not only was there no appreciable decrease in the total amount of genetic
diversity between 1998 and 2001, but there is no indication that P. capsici isolates infecting
tomatoes are more similar to each other than they are to isolates recovered from cucumbers. This

is 1llustrated by the genetic similarity tree which showed no increased genetic similarity
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(clustering) based on host or year. }

We were also interested in the contribution of ’immi grants to the epidemic in 2001. A
previous investigation of the genetic structure of P. capsici populations at diverse locations in
Michigan suggested that movement among locations was infrequent. Isolates from separate
geographical locations were unambiguously more similar to each other, even when comparing
fields separated by 1 km (12). If there were significant movement of P. capsici propagules into
this field, then it is expected that the frequencies of the AFLP markers would differ among years
and that novel markers would be introduced in 2001. Marker frequencies did not fluctuate
appreciably between years and there were no new AFLP markers detected in 2001. In addition,
the frequency of mefenoxam insensitivity remained relatively stable. This suggests that
immigration did not contribute significantly to the epidemic occurring in 2001. —

In coﬁclusion, it appears that these data support the hypothesis that P. capsici survives
non-host periods as genétically diverse oospores. Furthermore, this population appears to have
maintained its genetic diversity through a 30 month non-host period. How long viable
propagules remain in a field following an epidemic is still open to speculation, but it is clear that
a typical two year rotation may not ensure against another epidemic. Since it appears that P.
capsici may remain for extended periods after being introduced and that migration is not a
frequent event, then it may be helpful to decipher the mechanisms by which it spreads and
develop st.rategies to limit"introduction into new sites.
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Table 1. Estimates of genetic diversity within populations of Phytophthora capsici recovered
from cucumbers (1998) and tomatoes (2001) planted at the same location in south central

Michigan

No.of Unique No. of AFLP No. and percent Estimated average

Year isolates  isolates® bands polymorphic bands heterozygosity
1998 - 57 50 68 42 (62) 0.17
2001 47 43 68 45 (66) 0.17

* Total number of isolates with unique multilocus AFLP profiles.
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Table 2: Phenotypic diversity of Phytophthora capsici isolates recovered from cucumbers (1998) and
tomatoes(2001) planted at the same location in south central Michigan

" No. of isolates® Compatibility type/mefenoxam sensitivity®*
Year Al/S Al/IS Al A2/S A2/1S A2/1
1998 50 10(20)  17(34) 2(04) 10(20) 11(22) -
2001 43 7(.16) 10(24) 4(09) 12(28) 6(14) 4(.09
Total 93 17(18)  27(30) 6(06) 22(24) 17(.18) 4(.04)

® Total number of isolates with unique multilocus AFLP profiles.

® Mefenoxam sensitivity determined by in vitro screening on 100 ppm Al amended media with S = <
30% growth of control (GC), IS = between 30 and 90% GC and I => 90% GC.

© Observed numbers are followed by proportion of total sample size in parenthesis.
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Table 3: Results of nested analysis of molecular variance (AMOVA) for‘Phytophjthora capsici isolates
based on 68 AFLP markers. Variance is partitioned between isolates recovered in 1998 (N = 50) from
cucumbers and 2001 (N = 43) from tomatoes at the same location in south central Michigan.

Source of variation® Degrees of Sum of Variance Percentage of pe
freedom squares component variation

1998 and 2001
Among populations 1 17.676 0.232 3.40 <0.0001

Within populations 67 618.386 6.578 96.60

* P = the probability of obtaining a more extreme component estimate by chance alone based on 1000
sampling realizations. = - '
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Fig. 1: UPGMA cluster analysis of Phytophthora capsici isolates recovered from cucumbers (1998, N =
50) and tomatoes (2001, N = 43) at the same location in south central Michigan based on the Jaccard
similarity coefficient using 68 amplified fragment length polymorphism (AFLP) markers. The ratio of
isolates recovered in 1998 (cucumber) to the number recovered in 2001 (tomato) within sub-clusters is
indicated at major branch points.
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scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently i
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website
websites for studies that pertain to your crop and geographic area. '

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and there
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Endophytes . Study: UNEP 1995, A-73

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.



For EPA Use Only
ID#

Worksheet 3-A(10). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide |

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Endophytes

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The use of non-pathogenic endophytes to control Phytophthora capsici is not proven and cannot be considered a

viable alternative at this time.

OMB Control # 2060-0482
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ID#

Worksheet 3-A’f'(11). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet,you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1){b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 34(A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section li. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and_non-pesticidal, and their combina}tion) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research T

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives:
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Flooding, Water Management Study: UNEP 2001, E-74

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il



For EPA Use Only
ID#

Worksheet 3-A(11). Alternatives - Technical Feasibility’{bf Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No~
1a. If not on the EPA website, please attach a copy. ,

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Flooding, Water Management

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

4

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

One of the pathogens mentioned in the study is Phytophthora spp., which is a primary problem in Michigan.
However, our results differ because our production is in the field rather than the greenhouse. Michigan growers
typically use trickle irrig'ation and raised beds to manage water in order to reduce Phytophthora infection.

However, these practices are not adequate in Michigan's climate where heavy rains are common. These heavy

rainshowers are very conducive to Phytophthora , and cannot be controlled.

OMB Control # 2060-0482
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Worksheet 3-A(11)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is z

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A fo
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section Il, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bronmide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1)-€onduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

. /
Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to revrew the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Water Management Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1e. Alternétive not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.



For EPA Use Only
ID#

Worksheet 3-A(1 1{)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X
1a. if noton :the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Water Management

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Despite the use of well-drained fields, conservative irrigation, and planting on raised beds, Phytophthora capsici

is not adequately controlled.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2060-0482



The Spatiotemporal Genetic Structure of Phytophthora capsici
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Root, crown, and fruit rot- caused by Phyrophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, dnd P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, repro-
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ductive biology, and the durability of currently recommended
management Strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with quadrants varying from 40 m® to 12 km?—A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique.

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phyrophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety



of methods for generating molecular markers were tested for
efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of P. capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate-occasions approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to be members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA). :

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of

mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, Ix S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring oospore progeny set (3).
In planta studies using sensitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no

" difference in the ability. to colonize host tissue between treated

and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. FTwo hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢s7) between the



populations sampled on consecutive years were very close to zero,
indicating that gene diversity was not measurably impacted by
genetic -drift (5). The overall estimated ¢s; for populations from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity present in Michigan P. capsici popula-
tions is found among populations and 65% is found within any
one population. AMOVA partitioned genetic diversity among
(40%) and within (60%) populations. The similarity tree based on
UPGMA cluster analysis clearly showed that isolates from the

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling. Cluster
analysis also clearly showed that populations separated geo-
graphically branched from population-specific nodes (5).

DISCUSSION

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

Sexual
reproduction

Fig, 1. Spore types and signs of infection caused by Phytophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acorn squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 pm). E, Close-up of a
single tuft of sporangia (Bar = 30 pm). F, Typical papillate sporangium with a long pedicel (Bar = 20 pm). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 um). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 um). I,
Typical amphigynous cospore (Bar = 10 um). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).



caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P, capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P. capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large endugh to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in'Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in

Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P, capsici-infested fields.
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Worksheet 3-A(12). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is oris

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section lI, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest contro! measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crep-and circumstance (geographic area. ) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hitp://www.epa. gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM Study: UNEP 1998, B-91, B-94, B-288

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
' 1a. Full use permitted X

1b. Township caps

1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il
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Worksheet 3-A(12). Ai@érnatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Fiesearch Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA"website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
General {PM

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

I would not expect similar results because Michigan cucurbit growers use extensive IPM practices, but have severe
disease due to Phytophthora crown and fruit rot. Some of the IPM practices that growers use include crop rotation,
raised beds, mulch, trickle irrigation, and fungicide sprays. These practices, even when used in combination, have

not been adequate to manage Phytophthora capsici .

OMB Control # 2060-0482
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Worksheet 3-A(12)(b) Alternatives - Technical Fea3|bL||ty of Alternatives to Methyl
Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. Yqu must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{(A)(2}(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

[EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research S—
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or/ cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your'crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM . Study: Alternatives to methyl bromide for vegetable

covered crops in Morocco

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
ta. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il.
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Worksheet 3-A(12)(b). Alternatives - Technical Feasibility of Alternatives to Methyl
Bromide ‘

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
General IPM

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

This study does not apply to the Michigan situation, because the pathogens included Fusarium, Verticillium and

Didymella. Michigan growers are managing Phytophthora capsici, which is an aggressive and damaging pathogen.

OMB Control # 2060-0482
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Worksheet 3-A(1 2)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section li. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and_non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research T

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, sone alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section H.
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Worksheet 3-A(12)(c). Alternatives - Technical Feasibility of Alternatives ‘t'éi._'-MethyI Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Brémide

1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy. 3

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. f more than one alternative, list the ones you wish to discuss.
General IPM

6. Was crop yield measured in the study? Yes . No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Growers in Michigan follow recommended disease management strategies, including water management, planting

on raised beds, rotation to nonsusceptible hosts and the use of fung"i(:ides, and still suffer losses from

Phytophthora capsici .

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The resulits of this study are directly applicable, since thé research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Root, crown, and fruit rot- caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in-the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for 2 number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P, capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprebensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, repro-
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ductive biology, and the durability of currently recommended
management strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with quadrants varying from 40 m? to 12 km® A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique. ' ' -

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitiyity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety



of methods for generating molecular markers were ‘tested for
efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of P. capsici fromr Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) Testriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fraginents that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considerefl to be members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single fiéld during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
‘five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of

mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, Ix S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring cospore progeny set (3).

In planta studies using senmsitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated
and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢s1) between the



populations sampled on consecutive years were very close to zero,
indicating that gene diversity was not measurably impacted by
genetic drift (5). The overall estimated ¢sp for populations from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity present in Michigan P. capsici popula-
tions is found among populations and 65% is found within any DISCUSSION
one population. AMOVA partitioned genetic diversity among

(40%) and within (60%) populations. The similarity tree based on

UPGMA cluster analysis clearly showed that isolates from the .

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling. Cluster
analysis also clearly showed that populations separated geo-
graphically branched from population-specific nodes (5).

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

Asexual
reproduction

Sexual
reproduction

Fig. 1. Spore types and signs of infection caused by Phytophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acom squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 pm). E, Close-up of a
single tuft of sporangia (Bar = 30 um). F, Typical papillate sporangium with a long pedicel (Bar = 20 pm). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 um). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 pm). I,
Typical amphigynous oospore (Bar = 10 um). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).



caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.
Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in £ cap-
sici-infected cucurbit fruit from multiple locations, and cospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.
Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
~populations of P. capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. Thi/S implies that populations are ldrge enough to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.
Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.
From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in

Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the F. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combiration of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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Worksheet 3-A(12)(d). Alternatives - Technical Feasibility of Alterrfétives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must comg"lete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use addit!onal pages as need.

. For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pestibidal, and their combination) could be used
“Successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.goviozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies de/veloped by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Ali results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannoj be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM . Study: Alternatives for methyl bromide on cucurbits, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country .

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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"féNorksheet 3-A(12)(d). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

fSection Il. Existing Research Studies on Alternatives to Methyl Bromide

_’. 1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. lf more than one alternative, list the ones you wish to discuss.
Telone C-35, Chloropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? - Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect sumllar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(13). Al_f_ernatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should:;_address why an aiternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use-to evaluate a single methyl bromide alternative. Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same aiternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3<(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures {pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list6fpossible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research ——

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted ina
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Grafting, Resistant Rootstock, Study: UNEP 1995, UNEP 1998, UNEP 2000, B-36, B-83,

Plant Breeding A-76, B-46, B-94, D-91, D-105, D-109, B-47, B-281

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?

1a. Full use permitted X
1b. Township caps

1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section .
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Worksheet 3-A(13). Alternatives - Technical Feasibility of Alternatives to Methyl ‘éromide

i

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Grafting, Resistant Rootstock, Plant Breeding

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of the study do not readily apply to cucurbit production in Michigan. The study focuses on fruit trees
grapes for control of nematodes and soil-borne pathogens. Grafting cucurbits onto resistant rootstock will not

solve the problem of fruit rot of cucurbits. Currently, resistancé has not been identified. (See information under

Alternative #15.)

OMB Control # 2060-0482
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Worksheet 3-A(14). Alternatives - Technical Feasibility of Alternay'_t,‘fives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on tlge list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additioh_al pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section lI, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
~successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies dev_/eloped by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, efc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Organic Production . Study: UNEP 1998, B-91

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Wo’rk’éheet 3-A(14). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Sectibn Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No_
- 1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4, Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Organic Production

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Michigan cucurbit growers would/not expect the same results since they are not able to use solarization to reduce

initial inoculum of Phytophthora capsici in the soil. The other aspects of organic production are currently being

used by Michigan growers but do not provide adequate protection.

OMB Control # 2060-0482
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Worksheet 3-A(14)(b). Alternatives - Technical Feasibility of Alternatives.to Nethyl
Bromide K

In this worksheet, you should address why an alternative pest management strategy on the list (see_,;'_'previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)a). Forthe
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3<(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b). ’

When completing Section li, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfulfyinstead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by. o/thers, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area. -

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Organic Production Study: Tomatoes and cucurbits in Egypt: Certified organic

methods

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptabie in consuming country
td. Other (Please describe)

if use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.
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Worksheéi 3-A(14)(b). Alternatives - Technical Feasibility of Alternatives to Methyl
Bromide

Section Ill.:' Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a.flf not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Organic Production

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that wouid affect your adoption of this tool?

The results of this study do not apply to the growing situation in Michigan because Egypt is using greenhouses and
modified greenhouses, which would have no impact on the Phytophthora capsici problem. Similarly, solarization,

which was used in the Egypt study, would not be effective in a cooler Michigan climate.

OMB Control # 2060-0482
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Worksheet 3-A(14)(c). Alternatives""‘-‘i Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an. alternatlve pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
- successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible

alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research ——
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you cénduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a

scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,

application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All resuits should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seatile). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Organic Production Study: Alternatives for methyl bromide on cucurbits, 2002.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Townéhip caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(14)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication Research in progress

4. Location of research study Michigan, USA -

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Telone C-35, Chloropicrin 100%, lodomethane, Composted chicken manure

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool? .

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(15). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In-t‘his worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not'effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section H. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. :

BACKGROUND

EPA must consider whether alternative pest controf measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become pubiicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Resistant Cultivars Study: UNEP 1998, B-83, B-282

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.



For EPA Use Only
ID#

Worksheet 3-A(15). Alternatives - Technical Fe'as:ibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Altérnatives to Methyl Bromide

1. Is the study on EPA's website? Yes X . No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Resistant Cultivars

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The comments in the reports B-83, B-282 do not state that genetic resistance to Phytophthora capsici exists. Our

data suggest that genetic resistance has not been identified to this soil-borne pathogen.

OMB Control # 2060-0482



For EPA Use Only
ID#

Worksheet 3-A(15)(b). Alternatives - Technical Feasibility of Alternatives to Methyl
Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)}(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section i, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
" successfully instead of methyt bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hitp://www .epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is imp‘or{ant that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Resistant Cultivars Study: Screening curcurbits for genetic resistance to fruit

rot in pickles, 1998-2001

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.



For EPA Use Only
ID#

Workshéét 3-A(15)(b). Alternatives - Technical Feasibility of Alternatives to Methyl
Bromide

Section H. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X
1a: If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M.K. Hausbeck

R. Hammerschmidt

3. Publication and Date of Publication Pickle Seed Research Fund reports, 1999, 2000, 2001

4. Location of research study Michigan

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Resistant Cultivars

6. Was crop yield measured in the study? Yes No X
Disease resistance was measured.

7. Describe the effectiveness of the alternative in controlling pests in the study.
Resistant varieties were not identified.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable to Michigan, since it was conducted locally. Results indicate that

currently genetic resistance to Phytophthora capsici is not available.

OMB Control # 2060-0482



Screening Cucurbits for Genetic Resistance to Fruit Rot in Pickles,
1998-1999

Submitted by:
M. Hausbeck
R. Hammerschmidt

Characteristics of the challenge inoculum: Four field isolates of P. capsici exhibiting diversity
for mating type, sensitivity to mefenoxam, host type, and ori gin were selected as representative
of the diversity in Michigan cucurbit production fields. These include: 1) OP97, isolated from
pickling cucumber fruit in northwestern Michigan in 1997, A1 mating type, and fully sensitive to
mefenoxam; 2) SP98, isolated from pumpkin fruit in southwestern Michigan in 1998, A2 mating
type, and fully sensitive to mefenoxam; 3) SFF3, isolated from pickling cucumber fruit in
southcentral Michigan in 1998, A2 mating type, and intermediately sensitive to mefenoxam; 4)
SF3, isolated from pickling cucumber fruit in southcentral Michigan in 1998, A1 mating -type,
and intermediately sensitive to mefenoxam; 5) a control was included that consisted of an agar
plug only with no pathogen present.

Mating type was determined by mating each isolate to known A1 and A2 isolates on unclarified
V8 agar (UCVS8) plates and scoring for the presence or absence of oospores after a three to five
day incubation period. Mefenoxam sensitivity was determined in vitro by placing a 0.7 mm plug
of actively expanding mycelium onto the center of 100 x 15 mm UCVS$ plates amended with 0
and 100 ppm mefenoxam. Plates were incubated at 23 to 25°C for three days and colony
diameter measured. Percent growth on the amended plates was determined relative to the
unamended control. Percent growth <30% of the control is designated as sensitive, between 30
to 90% as intermediate sensitivity, and >90% as fully insensitive.

Fruit preparation and inoculation: Cucumbers were grown in fields with a negative history
for P. capsici infection according to standard practices. Mature fruit were harvested weekly,
sorted according to size, and stored in a cold room at 4°C until a chamber experiment could be
initiated (generally three to six days). Fruit were subjected to a 5 minute immersion in a 5%
commercial bleach solution and gently washed, then rinsed in distilled water. Fruit were allowed
to dry under ambient conditions. Dry fruit were labeled with a numerical code on both ends with
a permanent marker. A 0.7 mm plug of actively expanding mycelium or plain UCV$ agar was
placed at the center of unwounded fruit.

Experimental design: Two incubation chambers were constructed adjacently in a single room.
Incubation chambers consisted of a ten foot diameter plastic wading pool with a polyethylene
cap. Temperature and relative humidity was measured with a portable HOBO sensor. Relative
humidity was uniformly 100% and temperature varied between 21 and 23°C diurnally.

A completely randomized design determined the layout of inoculated fruit in individual
chambers. Fruit were given a number assignment indicating the inoculum and cucumber variety.



A random number generator was used to construct a linear array of the number set used to code
individual fruit. Moist cheesecloth was placed onto the floor of the incubation chamber prior to
laying out the inoculated cucumbers according to this random number sequence. Fruit were
incubated for three to six days and scored for lesion diameter, sporulation intensity, and the
diameter of sporulation.

Each of the five treatment/host combinations was replicated either two or four times within a
single experiment and each treatment/host combination was represented in at least two
experiments. Initially there were four replications of each treatment/host combination, but due to
a lack of space as the growing season progressed this was reduced to only two replications per
experimental run. When possible, identical experiments were replicated.

Number of cucumber cultivars screened for resistance to Phytophthora capsici in 1999,

Cucumber type Commercial Numbered Plant Total number
varieties varieties introduction screened
varieties ,
Pickling 22 8 37 67
Slicing 6 5 -- : 11
Total 28 13 37 ' 78

Further analysis on this year’s data will be conducted to choose lines that will be evaluated in
next year’s screen. While all lines appeared to be susceptible, we are interested in pursuing those
lines where lesion diameter and sporulation density was reduced. See Appendix II for tables.



1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SLICING CUCUMBERS
Incubated 5 days
Variety P. capsici OP97 P. capsici SP98 P. capsici SFF3 P. c@_.vici SF3
Lesion diam. Sporulation Lesion diam. Sporulation Lesion diam. Sporulation Lesion diam. Sporulation
| (cm) (ave)' density? (ave) (cm) (ave) density (ave) (cm) (ave) density (ave) (cm) (ave) density (ave)
ACX 18, Abbott & Cobb ... ... 8.2 1.8 8.4 1.0 8.7 1.5 8.2 0.5
ACX 5001, Abbott & Cobb . ... 8.6 1.6 8.9 1.4 8.8 1.4 8.3 0.6
CX 5002, Abbott & Cobb . ... 8.6 0.6 8.7 1.8 8.6 2.0 8.5 0.3
asher II, Petoseed .. ......... 84 0.9 8.6 1.5 8.8 1.4 8.3 0.1
eneral Lee, Harris Moran Seed 8.5 1.0 82 1.3 8.5 1.4 8.3 0.0
reensleeves, Harris Moran Seed 8.2 2.1 8.3 0.8° 8.8° . 1.3? 8.6° 1.0°
anther, Sun Seeds ........... 9.0 1.3 8.7 1.8 8.6 1.9 8.3 1.44
peedway, Petoseed .......... ‘ 8.5 1.8 8.4 2.6 8.9 1.8 8.2 0.8
RQS 2387, Sun Seeds .. .. .. L 8.2 0.6 8.5 1.6 8.8 L1 8.8 0.8
RQS 2389, Sun Seeds ....... 89 1.9 3.6 1.54 9.0 1.3 8.1 0.1
Itra Pak, Stokes ............ 8.8 0.8 8.8’ 2.1 8.6 1.4 8.5 0.1
laspick (pickling) . ........... 8.4 2.9 8.5 2.9 8.7 l1 2.9 8.3° 2.5°

verage of two replications (four fruits per replicate).

porulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

hree fruits averaged in replicate 1.
wo fruits averaged in replicate 1.




Experiments | and 2, incubated 3 days

SQUASH

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

Variety

P. capsici QP97

P._capsici SP98

P. capsici SFF3

P. capsici SF3

Sporulation

i Lesion Sporulation  Sporulation' ¢ Lesion Sporulation Lesion , Sporufation  Sporulation Lesion Sporulation  Sporulation
i diam. (cm)  diam. (cm) density’ ¢ diam.(cm)  diam. (cm) density i diam.(cm)  diam. (cm) density diam. (cm)  diam. (cm) density
(ave)' (ave) (ave) i (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave)
ividend, Rogers ............... 4.6 2.8 1.0 ' 4.3 2.3 1.3 4.4 28 1.0 4.5 35 1.5
ortune, ROGErs . ............... 4.6 4.1 1.8 49 45" 2.0 4.5 4.1 1.5 4.4 3.7 2.0
olden Dawn I, Rogers .. ........ 4.9 3.7 1.5 4.3 3.0 'l 15 4.2 30 1.0 4.5 3.6 23
Multipak, Harris Moran Seed . . . . .. 43 4.1 1.8 . 4.0 3.4 2.0 43 3.8 2.0 4.3 4.0 2.3
levenue, Rogers . ............... 4.7 3.6 1.8 . 3.9 32 1.8 4.9 3.7 2.0 4.5 3.5 1.5
SQ 496-VP, Rogers ............ 5.2 4.1 2.0 ' 5.0 3.8 1.8 5.2 4.0 23 5.8 4.7 23
SQ 7703-VP,Rogers ........... 4.54 3.7 2.3¢ 3.2 3.3 1.3 4.6 3.3 1.8 4.9* 3.8 2.0
SQ 8057, Rogers .............. E 4.8 39 1.3 5.0 38 2.0 4.7 3.4 1.5 53 39 2.0
SQB058,Rogers .............. 4.3 3.1 1.5 4.8 3.7 1.8 5.6 4.1 1.8 4.5° 3.5° 1.5 .
SQ 8067, Rogers .............. P54 43 2.0 5.1 41 23 56 4.2 2.0 5.1 35 s
pineless Beauty, Rogers ......... 4.7 353 2.0 ' 4.9 3.0 1.5 3.5 3.9 1.8 3.1 4.0 1.8
igress, Harris Moran Seed ....... 5.5 44 2.3 ' 4.5 4.0 2.0 5.1 36 1.3 52 38 1.8
ucchini Elite, Harris Moran Seed . . 4.5 3.6 25 4.8 37 1.8 49 3.6 2.0 5.0 4.0 23

he fruit in replicate 1.
ne fruit in replicate 2.

verage of two replications (two fruits per replicate).
borulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




SQUASH

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

Variety (two fruits per

P. capsici OP97

Experiment 3, incubated 4 days

P. capsici SP98

P._capsici SFF3

P. capsici SF3

Feplicate) i ; i
i Lesion Sporulation Sporulation :  Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation :  Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density' | diam. (cm) diam. (cm) density | diam. {cm) Idiam. (cm) density i diam. (cm) diam. (cm) density
i (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) | (ave) (ave.) : (ave.) (ave.) (ave.)
Cougar, Harris Moran Seed .. | 4.0 34 2.5 45 3.7 2.0 4.1 30 1.5 43 3.4 2.0
General Patton, Asgrow . .. .. 4.2 3.5 2.0 4.4 4.0 2.5 4.6 33 2.0 3.9 34 25
Solden Rod, Harris Moran 4.5 3.7 20 4.7 0.0 0.0 4.2 _ 0.0 0.0 42 0.0 0.0
eed ...l
AMX 8714, Harris Moran 4.7 2.6 1.5 4.0 1.6 1.0 4.1 0.0 0.0 4.7 2.8 2.0
7
IMX 8714, Harris Moran 33 2.2 2.0 43 1.6 1.5 3.9 0.0 0.0 4.4 1.4 1.0
Seed ...
-IMX 8727, Harris Moran 3.5 1.3 0.5 4.0 2.7 1.0 4.1 1.3 0.5 34 1.0 0.5
seed .. .
{MX 97035, Harris Moran 2.8 0.7 0.5 3.0 0.0 0.0 2.3? 0.0? 0.0 4.0 1.3 0.5
beed ...
1MX 9706, Harris Moran 3.1 1.2 1.0 35 2.9 1.5 2.3 1.0 0.5 32 1.3 1.0
eed L.l
.iberator II, Asgrow .. ...... 33 3.9 1.5 . 44 3.0 15 4.3 2.5 L5 4.9 3.6 2.0
Aedallion, Abbott & Cobb . . . 4.0 3.5 1.5 4.6 3.7 1.3 4.4 2.8 1.0 4.2 3.2 2.0
tevenue, Rogers . .......... 33 0.0 0.0 3.0 1.6 1.0 3.1 0.0 0.0 1.3 0.0 0.0
'SXP 709, Harris Moran Seed 3.7 2.8 2.0 3.6 2.7 1.5 3.7 3.0 25 3.8 3.8 2.0
'SXP 787, Harris Moran Seed 52 3.1 1.5 5.0 3.0 2.0 32 0.0 0.0 43 1.8 1.3
SXP 788, Harris Moran Seed i 4.7 2.5 1.5 4.9 3.0 1.5 4.1 0.0 0.0 4.7 1.9 1.0




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Experiment 3, incubated 4 days
continued
SXP 789, Harris Moran | 4.1 3.1 15 i 48 28 25 3.5 0.6 0.5 3.0 2.0 1.5
bed L
SXP 798, Harris Moran | 3.5 24 10 i 36 23 1.0 3.6 1.6 1.0 3.5 23 1.5
bed L
iperpik, Harris Moran ~~ § 3.7 3.4 30§ 44 3.1 3.0 42 3.2 1.5 4.1 31 25
ped L .. !
hperset, Harris Moran 4.0 3.1 1.5 3.8° 2.8 1.0 4.6 3.0 1.0 3.5 29 2.0
bed .. :

orulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
e fruit per replicate.




SQUASH

Experiment 4, incubated 3 days

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

P. capsici OP97

P. capsici SP98

P. capsici SFF3

P.capsici SF3

Sporulation

Sporulation

! Lesion Sporulation Lesion Sporulation Sporulation i  Lesion Sporulation i Lesion Sporulation Sporulation
i diam, (cm) diam. (cm) density ' { diam. (cm) diam. (cm) density  { diam. (cm) dﬁam. (cm) density i diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave) (ave.) (ave.) (ave.) (ave.)
ugar, Harris Moran Seed . . 4.9 4.1 1.5 5.0 32 2.0 : 49 33 1.5 4.2 23 1.5
neral Patton, Asgrow .. .., 4.9 44 2.5 5.0 5.0 2.0 : 4.6 4.6 1.0 5.5 5.2 1.5
lden Rod, Harris Moran 3.6 34 1.0 3.7° 2.7? 2.0 4.6 ‘34 1.0 -3 -3 .3
T
MX 8714, Harris Moran 5.2 35 2.5 4.7 34 2.0 5.4 1.5 1.0 5.0 34 2.0
ed ...
X 8714, Harris Moran 3.6? 2.5 2.0 54 34 2.0 5.6 3.1 2.0 5.4° 3.7 3.0
ed ...
MX 8727, Harris Moran 4.3 4.3 1.0 4.7? 3.9? 2.0 4.52 0.0? 0.0° 4.6 2.8 1.02
ed ... ‘ i
MX 9705, Harris Moran 4.2 4.2 1.0? 3.32 3.32 X -3 2 3 .3 3
ed ...
MX 9706, Harris Moran 4.2 38 L5 4.7 3.8 1.3 4.6 34 1.5 4.7 4.0 1.5
ed ... . ) _
iberator II, Asgrow ........ 5.3 4.9 20 3.7 35 L5 5.8 3.3 2.0 5.5 5.5 2.0
fedallion, Abbott & Cobb 4.2 4.2 2.0 5.0 4.6 2.0 3.7 52 3.0 4.7 4.0 3.0
evenue, Rogers .. ......... 4.1 3.1 1.0 5.7 4.8 10 i 51 3.7 15 5.9 4.6 2.0
SXP 709, Harris Moran Seed 4.5 4.1 3.0 4.8 435 2.0 6.0 33 25 5.7 54 2.5
SXP 787, Harris Moran Seed 53 3.1 1.3 54 23 1.0 52 3.2 1.5 53 4.1 2.0
SXP 788, Harris Moran Seed 5.0 2.9 1.0 3.9 3.1 25 i 50 2.9 15 4.7 4.7 15




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Experiment 4, incubated 3 days
continued
SXP 789, Harris Moran | 4.9 3.6 30 | 54 3.7 2.0 4.5 3.4 2.5 5.0 2.7 L5
eed ...
SXP 798, Harris Moran Seed | 3.9 31 20 1 46 4.1 .0 4.9 3.1 2.0 4.1 3.0 1.0
uperpik, Harris Moran Seed . | 4.7 3.6 20 1 49 3.2 L3 4.5 3.5 1.0 48 4.6 2.0
uperset, Harris Moran Seed . | 5.7 5.4 25 1 s 5.5 25 5.7 34 1.5 5.7 4.4 1.5

orulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
ne fruit per replicate.
uits were too contaminated to evaluate.



1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH

Experiment 5, incubated 3 days

riety (two fruits per
licate)

P, capsici QP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

Sporul;nion

:  Lesion Sporulation Sporulation ' Sporulation { Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density ' diam. (cm) density i diam. (cm) diam. (cm) density } diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave) (ave.) (ave.) {ave.) {ave.) (ave.)
X 34, Abbott & Cobb . ... 5.7 4.6 2.3 3.5? 2.0° 54 42 2.0 5.7 4.4 3.0
vidend VIP, Siegers Seed . . 5.1 4.2 3.0 5.0 2.0 6.4 4.6 2.0 5.7 4.5 3.0
ldenDawn ............. 4.6 36 1.5 3.8 1.5 4.9 3.4 1.0 4.5 34 2.0
venue, Siegers Seed ... ... 3.9 4.7 2.0 4.4 2.0 5.5 4.1 2.0 5.3 4.5 2.5
S 9732, Sun Seeds ... . ... 58 43 3.0 3.8 2.0 5.6 38 2.0 3.3 4.3 2.5
HT1777 ... .. .. 4.2 3.6 20 3.0 1.0 4.6 4.1 2.0 4.8 - 3.8 23 )
icchini Elite F1, Harris 52 39 2.0 4.3 2.0 4.7 3.2 2.0 4.7 “ 3.5 | 20 |

oranSeed ..............

e fruit per replicate.

orulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
SQUASH |

Pickling cucumber Experiment 4, incubated 3 days

ariety (two fruits per P. capsici OPYT P. capsici SP98 P. capsici SFF3 P_capsici SF3
plicate) Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation :
¢ diam. (cm) diam. (cm) density' } diam. (cm) diam. (cm) density i diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density i
(ave.) (ave.) (ave.) (ave.) (ave.) (ave) i (ave) ‘(ave.) (ave.) (ave.) (ave.) (ave.)

LCX 34, Abbott & Cobb . . .. 49 3.5 2.0 4.8 33 25 4.5% 3.0 2.0° 5.0 33 2.0
ividend VIP, Siegers Seed . . 3.6 0.6 0.3 5.0 3.9 2.0 : 4.0 1.5 0.5 4.6 3.0 2.0
evenue, Siegers Seed ... ... 4.5 3.2 2.0 4.8 3.4 2.0 H 52 3.7 2.0 4.6 2.8 1.3
easons, Abbott & Cobb .. .. 3.6 1.9 1.3 52 1.8 0.5 39 3.6 2.0 5.4 38 1.5
eneca Prolific, Siegers Seed . 4.9 4.1 2.0 54 4.3 B % 5.3 4.1 2.0 4.6 1.8 0.5
XS9732,SunSeeds . ... .. 5.6 4.2 3.0 54 3.9 1.5 5.0 37 2.0 4.9 3.2 2.5
ucchini Elite F1, Harris 5.2 33 1.0 4.2 33 1.3 : 53 3.6 2.0 : 4.0 1.8 1.0

Moran Seed .............. : . | ;

borulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.
ne fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
SQUASH

ariety (two fruits per

P. capsici OP97

Rerun of pickling cucumber Experiment 4, incubated 3 days

P. capsici SP98

P. capsici SFF3

P. capsici SF3

plicate) i Lesion Sporulation Sporulation Lesion Sporulation Sporulation ;  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
¢ diam. (cm) diam. (cm) density' : diam. (cm) diam. (cm) density  : diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
CX 34, Abbott & Cobb . . .. 4.6 3.8 1.5 5.1 3.8 1.0 438 3.8 1.5 -2 -2 -2
Dividend VIP, Siegers Seed . . 4.5 33 2.3 4.7 4.1 1.0 4.8 3.7 1.5 4.2 1.9 0.5
Revenue, Siegers Seed ... ... 3.8 1.7 1.0 44 1.7 0.5 4.8 1.7 1.0 3.6 1.4 1.0
easons, Abbott & Cobb . ... 4.0 1.8 1.0 5.1 4.3 1.0 .45 3.9 1.0 3.5 1.6 0.5
beneca Prolific, Siegers Seed . 4.8 3.9 3.0 4.7 4.2 2.3 | 4.7 38 2.3 38 33 2.0
bXS 9732, Sun Seeds . ..... 49 37 2.3 4.4 33 1.0 235 1.3 0.3 44 34 1.5
Yucchini Elite F1, Harris 4.6 32 1.5 4.2 2.7 1.0 4.0 1.5 0.5 4.5 2.0 1.5

Moran Seed ..............

porulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
ruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

. SQUASH

|

Pickling cucumber Experiment 6, incubated 3 days

P. capsici QP97 .

P. capsici SP98

P. capsici SFF3

P. capsici SF3

riety (two fruits per

licate ;
P ) i Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm)  diam. (cm) density' i diam. (cm)  diam. (cm) density | diam. (cm) diam. (cm) density i diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
367, USDA ............ 5.4 3.9 1.0 38 0.0 0.0 39 0.0 0.0 3.6 1.0 0.5

orulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

SQUASH

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

Pickling cucumber Experiment 7 (redo’s), incubated 3 days

ariety (two fruits per P. capsici OP97 P_capsici SP98 _ P.capsici SFF3 P capsiciSF3 . ... .-
licate : L R
P ) Lesion Sporulation Sporulation }  Lesion Sporulation Sporulation ;  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
: diam. (cm) diam. (cm) density ' { diam. (cm) diam. (cm) density i diam. (cm) diam, (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) i (ave) (ave.) (ave.) (ave.) (ave.) (ave.)
B367, USDA ............. 3.5 2.6 1.5 4.1 2.2 ] 53 3.2 1.0 4.3 2.5 1.0
oldfinger ............... : 5.07 3.3? 1.0? -3 -3 - 4.2} 3.3? 1.0 3.5 23 1.0
olden Dawn Il .. .. ... ... .3 3 SER -3 2 42 4.2? .02 K 2.0% 1.02
RHT V777 ... ... ... ... 3.5 4.9 2.0 : 4.6 3.7 2.0 5.1 43 L5 4.5 33 1.3

he fruit per replicate,
uits were too contaminated to evaluate.

orulation density visually rated on a score of 0 to 3 where O=none,

1=faint, 2=moderate, 3=heavy.




PICKLING CUCUMBERS

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

piety (four fruits per 7

P. capsici QP97

Experiment 1, incubated 6 days

P. capsici SP98

P. capsici SFF3

P. capsici SF3

licate) : ;
i Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation :  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density' } diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density (ave.)
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave) (ave.) (ave) (ave.) (ave.)

lypso, Atlas Seeds ....... 9.1 8.6 3.0 8.3 3.2} 3.0 9.6 8.7 3.0 8.7 7.2} 3.0°
rolina, Atlas Seeds ....... 98 83 3.0 9.5 7.5 3.0¢ 10.1 8.1 3.0 8.7 72 2.8
bss Country F1, Harris 9.0 8.6 3.0 8.0° 6.1° 3.0 9.6 8.8 3.0 8.8} 6.2 2.7
ranSeed ..............
kcover M Hybrid, Asgrow . 9.7 8.2 3.0 10.1 6.8 3.0 10.6 7.7 3.0 11.3 7.8 3.0

1914 183491, Seminis . .. 9.1 8.6 3.0 7.7 4.82 2.5? 9.5 8.1 3.0 94 8.9 3.0
cel M, Asgrow .......... 9.5 7.8 3.0 8.6* 5.4 2.0* 11.6 8.1 3.0 8.7° 7.0° 3.0°
ncipak, Asgrow .......... 10.1 9.1 3.0 8.9 6.3 3.0 109 '9.1 3.0 10.3 8.4 3.0
X 5020 F1, Harris Moran 9.9 8.4° 3.0° 7.5 4.9? 2.5? 9.8 7.6 3.0 8.4 6.1 '2.8
ed .
X 3469 F1, Harris Moran 9.5 7.1 3.0 7.6 4.0t 1.5 9.8 82 3.0 9.0° 593 2.3%
bd .

1X 8460 F1, Harris Moran 10.4 8.2 3.0 9.3 6.4 2.8 10.7 9.0 3.0 9.7 7.6 3.0
ed e
1X 8461 F1, Harris Moran 10.9 8.9 3.0 9.2 6.3 3.0 10.4 9.4 3.0 9.3 8.0 3.0
bd e
fayette Classic, Sun Seeds . 10.1 8.4 3.0 74 4.8 2.8 9.4 8.6 ., 30 10.7 8.0 3.0
209064, USDA ......... 10.1 8.9 3.0 7.6 4.8? 3.0 9.8 83 3.0 9.4 8.7 3.0
426169, USDA . ........ 10.1 7.3 3.0 8.5 6.2 3.0 10.0 7.6 3.0 10.0 6.6 2.8
466922, USDA ......... 9.6 7.7 3.0 8.8 6.4 3.0 9.6 . 83 3.0 10.3 .8.0. s30T A
neer, Atlas Seeds . ....... 9.4 83 3.0 7.6 6.1° 3.0° 9.9 8.8 3.0 9.8 6.5 25




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici. -

PICKLING CUCUMBERS
Experiment 1, incubated 6 days
Continued
riety (four fruits per P. capsici OPY7 P. capsici SP98 P. capsici SFF3 P. capsici SF3
licate) ; : H
Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density ! | diam. (cm) diam. {cm) density i diam. (cm) diam. (cm) density diam, (cm) diam. (cm) density (ave.)
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
zal F1, Harris Moran Seed . . 10.4 8.4 3.0 9.2 7.4 3.0 . 10.8 8.6 3.0 10.6 8.4 3.0
yal Fl, Harris Moran Seed . . 9.6 8.8 3.0 . 8.9° 7.5° 3.0° 9.3 8.6 3.0 10.2 8.4 3.0
QP 2391, Sun Seeds .. ... 10.4 9.0 3.0 - - -3 : 9.2 85 3.0 8.7 7.8 3.0
llion 193782, Seminis Seed 9.9 8.5 3.0 10.7 8.0 3.0 10.3 9.5 3.0 114 9.5 3.0
ter, Atlas Seeds ........ 9.9 7.8 3.0 9.1 6.2 3.0 ' ll'l .0 8.0 3.0 9.7 72 3.0
or Hybrid, Asgrow ... ... fo107 9.3 3.0 10.4 8.7 3.0 10.4 92 3.0 10.0 9.1 3.0
nsamerica F1, Harris Moran 9.7 7.7 3.0 8.5? 7.0? 3.0 10.8 8.4 3.0 9.2 8.8 3.0
d o ;
toria, Sun Seeds ........ 10.3 8.1 3.0 ' 9.4 9.0 3.0 ' 10.33 9.2° 3.0 11.4 9.8 3.0
spik VGA733, Seminis . . . 10.2 7.3 3.0 9.3 5.7 2.3 10.7 7.4 3.0 9.1 6.5 25
asset, Asgrow ........... 8.7 8.1 3.0 8.7 6.7 3.0 ‘ 9.9 8.7 3.0 9.2 8.2 3.0
asspear Hybrid, Asgrow . .. . 9.6 8.4 3.0 . 8.8’ 6.6° 3.0° ‘ 10.1 I9.0 3.0 9.1 8.2 3.0
asstar B, Asgrow ... ...... 9.2 7.6 3.0 ‘ 6.9 3.9 . 1.3? 10.4 gl4 3.0 9.1 7.0 3.0
sconsin, Atlas Seeds ... .. H 9.6 7.4 3.0 9.0 8.2 3.0 10.3 8.2 3.0 : 10.9 8.4 3.0

rulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
fruits per replicate.

ee fruits per replicate.
fruit per replicate.

fruits were too contaminated to evaluate.




PICKLING CUCUMBERS

Experiment 2, incubated 3 days

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Résistance to Phytophthbra capsici

ariety (four fruits per
plicate)

P. capsici OP97

P. capsici SP98

P._capsici SFF3

P. capsici SF3

Sporulation

Sporulation

Sporulation

i Lesion Sporulation Lesion Sporulation Sporulation {  Lesion Sporulation Lesion Sporulation

i diam. (cm) diam. (cm) density ' i diam. (cm) diam. (cm) density i diam. (cm) diam. (cm) density { diam. (cm) diam. (cm) density

i (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
arolina, Atlas Seeds ....... 3.9 2.8 2.0° 4.2 2.6 1.8 4.6 1.6 1.0 3.8 23 1.5
ross Country F1, Harris 4.9} 3.3° 2.0° 35 2.4 1.3% 4.8 2.3 1.3 43 3.0 1.5
foranSeed ..............
liscover M Hybrid, Asgrow . 4.7 1.6 1.0 4.2 1.8 1.0 5.0% 3.0° 1.52 5.1 1.8 1.3
X 1911 155633, Seminis ... 4.5 29 2.0 4.1 2.6 2.0 4.3? 3.4 2.07 4.2} 2.8 1.3 _
X 1914 183491, Seminis . . . 4.7 3.4 2.0° 4.5 3.3 2.0° 3.8 31 2.0 4.5? kS T
xcel M, Asgrow .......... 4.2 2.7 1.5 4.8 3.0 1.8 5.0° 3.° 1.7 4.3} 2.9° 1.7
‘MX 3469 F1, Harris Moran 4.5° 3.4° 2.0° 3.7 3.17 2.0° 4.4° 2.8* 1.0¢ 6.0% 432 302
eed ...
'MX 8460 F1, Harris Moran 52 34 2.0 4.9 2.8 I3 4.6* 3.5? 2.0? 4.8 2.8 1.8
eed ...
(MX 8461 F1, Harris Moran 4.1 3.0 1.8 4.4 29 1.7° 4.7 3.1° 1.3 4.5 3.13 2.0°
eed ...l .
hckson, Sun Seeds ... ...... 49 3.9 2.0 5.2 2.2 1.3 4.9 3.4 2.0 5.33 4.43 2.7
afayette Classic, Sun Seeds . 5.0 4.1 23 4.4 2.8 2.0° 5.8 2.7 1.7° 4.6° 3.3 2.0°
1466922, USDA ......... 5.0° 3.42 1.52 4.1% 2.2? 1.5 4.82 3.6 2.0? 3.9 1.93 1.33
egal F1, Harris Moran Seed . 3.9 34 2.0 4.8 3.3 1.7 5.2° 3.2 1.3° 4.2} 2.7} 1.7
loyal F, Harris Moran Seedl . 4.13 2.8 1.0° 453 3.0 2.0° l4.53 3.0 1.7 3.6 2.12 1.52
tallion 193782, Seminis .. .. 4.6? 3.1 2.0 2.5 2.5 2.0° 3.33 2 8? L7 46 35 20
amor Hybrid, Asgrow .. .... 4.2 2.5 1.3 4.1? 2.8 1.5% 4.7 34° 2.0° 3.2? 2.4? 1.0%
lasstar B, Asgrow .. ....... ~ 4.3 3.1 2.0 35 1.8 1.0 4.9 22 1.0 4.5 3.0 1.8




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 2, incubated 3 days

Continued
viety (four fruits per P. capsici OPYT P. capsici SP98 P. capsici SFF3 P._capsici SF3
plicate) P _ o ' i :
; 'Leswn Sporulauon Sporulation :  Lesion Sporulation Sporulation Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density ! diam. (cn) diam. (cm) density i diam. (cm) diam. (cm) density i diam. (cm) diam. (cm) density H
(ave.) (ave.) (ave.) : (ave.) (ave.) (ave.) i (ave) (ave.) (ave.) (ave.) (ave.) (ave.)
isconsin, Atlas Seeds . . . .. P54 2.1 10 | 44 3.0 18 i 49 2.9? L3t i 52 3.1 1.8

brulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
o fruits per replicate.

ree fruits per replicate.

e fruit per replicate.




PICKLING CUCUMBERS

Experiment 3, incubated 4 days

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

"ariety (two fruits per

P. capsici OP97

P. capsici SFF3

P. capsici SF3

P. capsici SP98

pplicate) Lesion Sporulation Sporu'lation Lesion Sporulation  Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density' ! diam. (cm) diam. (cm) derisity i diam. (cm) diam. (cm) density : diam. (cm) diam. (cm) density
i (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
‘alypso, Atlas Seeds ....... 6.0 4.1 2.0 6.3 4.5 L5 6.9 4.9 25 3.9 37 2.0
X 1911 155633, Seminis . .. 6.3 4.3 2.0 5.4 49 2.0 ' 59 4.7 2.0 7.0 4.8 2.0
‘ancipak, Asgrow . ......... 6.9 39 1.3 7.6 4.1 2.0 6.3 5.1 2.0 5.9 34 1.5
"MX 5020 F1, Harris Moran 6.6 5.0 2.3 6.8 4.9 2.0 6.6 5.1 2.5 6.1 53 235
eed L.l ‘ ' .
1209064, USDA ......... . 6.9 4.0 1.5 6.9 5.2 2.0 6.4 44 2.0 6.4 43 1.5
1390241, USDA ......... 6.1 6.1 3.0° ' 6.1 3.6 - 3.0 5.5% 6.3? 1.0? 355 4.9 0 h :2‘;‘5> \
'1391570,USDA ......... 5.9 4.6 2.0 4.3 39 2.0 5.7 4.9 2.0 3.3 3.3? 2.0
1422182, USDA ......... 6.2 4.8 2.0 5.8 1.8 0.5 6.8 5.6 25 6.8? 3.7 2.0°
1426169, USDA ......... 5.9 39 1.3 ‘ 3.5 23 1.0 6.1 4.2 1.5 59 5.0 20
1426170, USDA ......... 5.8 39 1.3 3.7 3.4 1.5 ' 6.0 4.2 2.0 6.0 33 1.0
1432890, USDA ......... 5.1 4.6 20 5.2 33 1.5 5.6? 5.6 2.0 6.4 5.0 2.0
'1483339,USDA ......... 5.67 3.8 2.0? 6.0 4.4 1.5 5.3 4.3 2.0 4.2 34 2.0
'ioneer, Atlas Seeds ........ 6.5 4.7 4.0 . . 3.9 2.5 1.5 7.7 5.2 1.0 4.7 4.7 2.0
JRQS 2389, Sun Seeds ..... 5.2 5.2 25 6.4 5.8 2.3 5.6 4.7 2.3 7.1 53 2.0
JRQP 2391, Sun Seeds ..... 4.7 4.7 2.07 4.22 4.22 2.0° 6.6 5.1 3.0 7.0 4.0 20
‘ransamerica F1, Harris Moran 6.0 4.2 2.0 6.0 4.1 2.0 5.1 3.7 1.5 5.5 4.1 2.0
eed L. ' '
/aspik VGA733, Seminis . . . . 6.7 23 1.0 i 5.8 3.6 2.0 . 7.0 4.9 2.0 6.3 29 1.5
/lasset, Asgrow ........... . 53 3.3 3.0 . 33 4.9 25 5.9 5.0 2.0 6.0 4.1 2.0

ne fruit per replicate.

sorulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




|

PICKLING CUCUMBERS

Experiment 4, incubated 3 days

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

ariety (two fruits per

P. capsici QP97

P capsici SP98

P. capsici SFF3

P. capsici SF3

:Plicalc,) Lesion Sporulation Sporulation Lesion Sporulation Sporulation E Lesion Sporulation Sporulation Lesion Sporulation Sporulation
¢ diam. (cm) diam. (cm) density ' i diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density
i (ave) (ave) @ve) | (ave) (ave) (ave) (ave) (ave) (ave) (ave.) (ave.) (ave)
1167223, USDA . ........ ' 3.7 2.8 1.5 . 438 3.0 1.0 43 |l' 25 1.0 3.32 0.0 0.0
1197086, USDA ......... 3.4 2.1 1.0 3.8 2.7 2.0° 4.4 2.1 1.0 3.22 1.6 1.0?
1209069, USDA ......... ‘ 33 0.0 0.0 3.4 0.0 0.0 4.9 2.3 1.5 3.7 1.0 0.5
1234517, USDA ......... 5.0 0.0 0.0 4.3? 1.9? 2.0? - - - 1.52 1.5 L0
1271328, USDA ......... 5.0° 2.2 1.0 . -3 -3 -3 - .3 W3 3.3? 0.0? 0.02
1288238, USDA ......... -3 -3 -3 5.0 3.47 2.0 5.3 3.2 2.0 4.0 2.8 1.5
1330628, USDA ......... ' 4.3 2.1 1.5 4.0 1.2 0.3 4.6 3.0 1.5 4.4 1.3 0.5
1390241, USDA ......... ' 3.4 1.2 0.5 34 2.0 1.0 4.3 2.1 1.0 -3 -3 -3
1391570, USDA ......... 3.67 0.0 0.0 o-? -3 -2 4.1? 212 1.0° 4.2? 3.0 1.0
P1 422182, USDA ......... ; 4.1 1.9 1.0 . 4.6 23 1.0 4.3 I 2.7 1.0 4.0 22 1.0
P1 426170, USDA ......... 4.0 1.8 1.0 3.7 0.0° 0.0? 4.2? 0.0? 0.0 2.12 0.0? 0.0
P1432851, USDA ......... -3 -3 - -3 -3 .23 3 23 3 3 3 3
P1432855, USDA ......... 3.6 25 2.0° - -3 2 2 - L 3 i 3
1483339, USDA ......... : 4.4 1.2 0.3 4.7 2.9 1.0° -3 -3 -3 3.6 222 1.0
bRQS 2389, Sun Seeds ... .. : 4.1 2.7 2.0 ' 4.0 2.2 1.5 4.0 22 1.5 3.8 2.8 1.5

ne fruit per replicate.

1 fruits were too contaminated to evaluate.

borulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




PICKLING CUCUMBERS

Experiment 5, incubated 3 days

EEE ST v\-

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

ariety (two fruits per

P.capsici OP97

P_capsici SP98

P. capsici SFF3

P. capsici SF3

plicate) i Lesion Sporulation Sporulation Lesion Sporulation  Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density ' | diam. (cm) diam. (cm) density } diam. (cm) diam. (cm) density i diam. (cm) diam. (cm) density
i (ave) (ave) (ave) | (ave) (ave) (ave) | (ave) (ave) (ave.) (ave) (ave.) (ave.)
1163213, USDA ......... 4.6 23 1.0 4.9 2.5 1.0 52 22 1.0 4.2 23 1.0
1167223, USDA ......... 5.4 3.1 1.5 3.6 33 1.0 8.1 33 1.0 5.0 1.5 0.3
1197086, USDA ......... 3.1 0.5 0.5 ' 2.6 2.6 1.0 ‘ 3.4 22 1.5 4.0 2.6 2.0
1197088, USDA ......... 34 1.0 0.5 ‘ 5.0 32 1.5 3.3 0.0 0.0 34 0.0 0.0
1209069, USDA ......... 54 33 1.5 . 4.9 3.0 1.5 ' l 4.6 2.6 1.0 4.7 2.2 1.5
1227209, USDA ......... 4.6 2.1 1.0 5.2 3.1 1.5 4.8 ‘24 1.0 5.3 33 1.5
1234517, USDA . ........ ‘ 4.8 . 29 1.5 3.9 1.3 0.5 ‘ 3.9 0.9 0.5 3.8 1.4 0.5
1267942, USDA ......... ’ . 4.6 2.9 1.5 52 3.2 1.0 4.8 2.1 1.0 4.2 2.2 1.0
1271328, USDA ......... . 37 0.0 0.0 5.3 1.3 0.5 . 37 1.2 0.5 4.1 0.0 0.0
1288238, USDA ......... 54 3.2 0.5 37 37 20 3.6 1.7 1.5 4.9 27 1.0
1330628, USDA ......... . 4.2 2.7 2.0 4.5 2.3 1.5 4.3 | 1.3 0.3 2.8 0.0 0.0
1390244, USDA ......... 4.6 2.6 1.5 4.9 2.8 1.0 4.7 l 0.0 0.0 4.4 2.1 1.0
1390529, USDA ......... 5.0 1.9 1.0 4.2 1.9 1.0 5.7 3.1 2.0 3.9 20 1.0
1418964, USDA ......... 5.1 2.8 1.5 5.0 2.7 1.5 4.5 22 1.0 3.6 27 1.0
1432851, USDA ......... 5.8 3.7 2.0 . 4.6 2.3 1.0 42 1.4 1.0 4.6 2.5 0.3
1432855, USDA ......... 33 34 3.0 35 32 1.5 5.8 3.1 1.5 4.9 2.8 1.5
1432865, USDA ......... i 5.7 4.5 3.0 ' 4.8 3.7 2.0 i 4.4 2.6 1.0 4.5 3.0 1.5
F1 432890, USDA ......... 4.3 2.7 1.0 4.7 1.7 1.0 6.3 1.7 1.0 5.0 24 1.0
umter, Atlas Seeds ........ : 4.7 34 2.0 : 5.0 3.2 1.3 5.5 2.4 1.0 4.9 2.8 2.0

porulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




PICKLING CUCUMBERS

Experiment 6, incubated 3 days

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

hriety (two fruits per
plicate)

P. capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

Sporulation

Lesion Sporulation Sporulation Lesion Sporulation Sporulation :  Lesion Sporulation Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density' i diam. (gm) diam. (cm) density  -i diam. (cm) diam. (cm) density (ave.) i diam. (cm) diam. {cm) density (ave.)
(ave.) (ave.) (ave) i (ave) (ave) (ave.) (ave.) (ave.) (ave.) (ave)

mes 7118, USDA ... 4.5 34 3.0 ' 4.0 3.0 1.0 4.6 L3 0.5 3.7 1.2 0.5

ckson, Sun Seeds . . ... 5.1 33 25 4.7 32 1.0 57 3.7 1.5 4.2 23 2.0
163213, USDA .. ... 44 l.l. 0.5 5.0 13 0.5 4.8 0.0 0.0 49 0.0 0.0
197088, USDA .. ... 3.5 2.0 1.0 . 4.6 1.3 0.5 3.7 0.0 0.0 43 0.8 0.5
211979, USDA ..... 5.7 2.9 2.0 5.2 1.4 0.5 4.5 0.0 0.0 4.4 0.7 0.3
249562, USDA . .... 4.1 0.0 0.0 ‘ 4.3 1.0 0.5 4.9 0.8 0.5 4.6 0.0 0.0
267942, USDA . .... 43 0.9 0.5 ' 5.4 2.0 1.0 4.1 1.2 0.5 33 0.0 0.0
279466, USDA .. ... 5.1 22 1.0 52 1.2 0.5 4.9 1.9 1.0 3.9 0.0 0.0
279467, USDA ..... 4.4 0.7 0.5 4.1 0.0 0.0 3.1 0.0 0.0 44 1.0 0.5
279468, USDA .. ... 4.8 1.0 0.5 4.8 1.1 0.3 3.7 0.0 0.0 2.9 0.0 0.0

[ 321008, USDA ... 5.9 0.0 0.0 55 1.2 0.5 5.2 0.0 0.0 4.8 109 0

£ 390240, USDA .. ... 5.0° 0.0° 0.0? . 4.7 0.0 0.0 6.3 1.5 0.5 5.22 1.52 1.0

f 390244, USDA .. ... 4.4 1.9 1.0 5.2 0.7 0.3 4.3 1.0 0.5 5.0 0.8 0.5

[ 390246, USDA .. ... 5.4 2.1 1.0 5.6 2.4 1.0 5.6 27 1.0 43 0.0 - 0.0
390262, USDA .. ... 3.7 24 1.0 ' 3.6 2.0 1.0 5.2 23 1.0 4.5? 2.0 1.0
390529, USDA ..... 4.9 2.4 1.0 4.7 11 0.5 5.0 0.0 0.0 52 1.0 0.3
418964, USDA .. ... 52 2.2 1.0 6.2 2.8 1.0 4.7 24 1.0 3.8 0.8 0.5
432865, USDA ..... 4.6 3.1 3.0 . 3.8 1.9 1.0 5.8 29 1.0 4.8 29 2.0

| 432867, USDA ..... 5.5 29 1.0 5.4 29 1.0 5.1 1.0 0.5 49 0.0 0.0

e fruit per replicate.

orulation density visually rated on a score of 0 to 3 where 0=none, 1=fa

int, 2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS

Experiment 7 (redo’s), incubated 3 days

ariety (two fruits per

P. capsici QP97

P_capsici SP98

P. capsici SFF3

P._capsici SF3

licate : ;
P ) Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation Lesion Sporulation ~ Sporulation ;  Lesion Sporulation Sporulation
i diam. (cm) diam. (cm) density' i diam. (cm) diam. (cm) density diam. (cm) d‘gam. (cm) density { diam. (cm) diam. (cm) density
i (ave) (ave.) (ave.) (ave) (ave.) (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
mes 7118, USDA . ........ P46 3.3 20 1 40 2.9 15 1 42 2.5 1.5 4.0 3.1 2.0
xcel M, Asgrow .......... S 4.2 0.0 0.0 3.6 0.0 0.0 4.5 0.0 0.0 3.6 0.0 0.0
(MX 3469 F1, Harris Moran 4.8 0.6 0.3 4.3 0.0 0.0 4.4 0.0 0.0 3.2 0.0 0.0
eed ...
1211979, USDA ......... Pos2 2.8 15 153 3.1 1.0 4.7 34 1.0 4.6 23 1.0
1279468, USDA ......... : 5.1 4.6 1.3 4.6 33 23 4.9 3.8 2.0 4.6 3.7 2.0
1390241, USDA ......... 32 3.8 3.0 5.3 4.0 2.0 4.0 34 2.0 4.3 3.1 1.0
1390246, USDA ......... 5.0 2.9 1.0 5.1 3.0 1.0 4.7 24 1.0 6.1 44 1.5
1422182, USDA ......... 3.9 0.0 0.0 43 0.0 0.0 4.0 + 0.0 0.0 1.9 0.0 0.0

rorulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS
Rerun of Experiment 4, incubated 3 days
ariety {two fruits per P. capsici QP97 P. capsici SP98 - : P. .capsici SFF3 « P\ capsici SF3 b7k
pplicate) Lesion Sporulation Sporulation Lesion Sporulation Sporulation |  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
: diam. (cm) diam. (cm) density' i diam. (cm) diam. (cm) density  } diam. (cm) diam. (cm) density ; diam. (cm) diam. (cm) density
i (ave) (ave.) (ave) i (ave) (ave.) (ave.) (ave)) (ave.) (ave.) (ave.) (ave.) (ave.)
1167223, USDA ......... 4.9 34 2.3 4.6 2.6 1.0 44 3.2 1.5 4.8 33 2.0
1 197086, USDA . ........ : 4.0 23 2.0 3.8 1.2 0.5 4.0 2.2 1.5 3.2 0.0 0.0
1209069, USDA ......... 39 0.0 0.0 . 4.5 1.2 0.5 3.9 1.8 1.0 3.7 0.0 0.0
1234517,USbA ... ... 3.3 33 3.0 4.2 2.9 1.0 3.8 2.9 2.0 2.8 0.0 0.0
1271328, USDA ......... 3.6 0.0 0.0 42 22 1.0 4.1 0.0 0.0 3.6 1.4 0.5
1288238, USDA ......... 52 39 1.5 4.7 3.7 2.0 4.9 38 3.0 4.3 3.1 25
1330628, USDA ......... i 4.1 2.4 20 4.3 1.2 0.5 4.5 2.8 1.5 3.5 0.0 0.0
1391570, USDA ......... 4.6 2.8 1.0 ' 4.5 23 1.0 33 0.0 0.0 3.9 3.0 2.0
1426170, USDA ......... : 4.5 1.3 0.5 4.3 3.0 1.5 | 4.5 0.0 0.0 3.6 1.5 0.5
1432851, USDA ......... 4.7 28 2.0 4.8 3.6 3.0 4.7 1.4 0.5 4.3 1.6 0.5
(432855, USDA ......... : 4.0 33 2.0 4.4 3.1 2.0 4.7 34 235 4.2 3.0 1.0
1483339, USDA ......... . 4.3 23 1.5 : 4.6 34 1.5 34 14 1.0 4.6 1.7 0.5
RQS 2389, Sun Seeds ..... 33 09 1.0 . 5.1 2.7 1.0? 32 1.7 1.0 2.6 0.0 0.0

he fruit per replicate.

orulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS |

Experiment 8, incubated 3 days

v ari.ety (two fruits per P. capsici OP97 P. capsici SP98 P. capsici SFF3 P.capsici SF3
cplicate) Lesion Sporulation Sporulation Lesion Sporulation . Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
i diam. (cm)  diam. (cm) density’ i diam. (cm) diam. (cm) density’  } diam. (cm) diam. (cm) density' i diam. (cm) diam. (cm) density!
(average) (average) (average)  (average) (average) (average) (average) (average) (average) : (average) (average) (average)
Calypso, Atlas Seeds ....... 4.5 1.6 0.5 . 4.4 3.2 2.0 . 4.4 33 1.3 : 4.8 2.6 1.5
Carolina, Atlas Seeds ....... 3.9 35 3.0 4.7 4.0 235 43 3.8 1.0 4.2 3.7 2.3
>[ 249562, USDA ......... -3 -2 - --? -2 -3 I -3 - -3 -3 -3 -3
21279466, USDA ......... -3 - - 4.2 3.22 1.0 -3 - - 4.0 2.5? 2.02
21279467, USDA ......... - - - 3.92 3.9 2.0 -3 - -3 -3 3 3
21358813, USDA ......... -3 -3 -2 4.6° 2.0 1.0 -3 -3 -3 .3 3 3
21390240, USDA ......... : 3.9 3.22 1.0 -3 -3 : -3 3.9 o253 2.0? 357 0 270 T Aelgighh
21390241, USDA ......... : 5.1 3.8 L3 4.8 3.6 2.5 4.2 3.1 1.0 5.4 4.0 2.0%
21422182, USDA ......... : 4.0 3.0 2.0 ' 49 3.8 2.0 6.0 39 1.0 i 4.5 34 2.0
21432867, USDA ......... P - - - - -3 4.1 3.4 1.0 -3 3 3
31432890, USDA ......... 4.6 3.0 1.0 -3 -3 -2 5.0 2.22 1.0 4.7 3.1 L3
21483339, USDA ......... 4.5? 2.5? 2.0 5.1 3.5¢ 1.0? 4.62 3.8 1.0 2.5? 0.0? 0.0
SRQP 2391, Sun Seeds ..... ' 4.1 3.7 23 4.0 4.0 2.0 . 4.6 4.1 2.0 4.0 4.0 2.0
Stallion 193782, Seminis . ... 3.22 3.22 1.0? 3.4 3.42 2.02 .3 .3 L3 4.0 4.02 2.0

porulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.
ne fruit per replicate.
. fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
SQUASH

Run of Experiment 7 (redo’s), incubated 3 days

ariety (two fruits per P. capsici OP97 P. capsici SP98 { P. capsici SFF3 : P. capsici SF3
licate i :
eplicale) Lesion Sporulation Sporulation Lesion Sporulation Sporulation i  Lesion Sporulation Sporulation Lesion Sporulation Sporulation :
diam. (cm) diam. (cm) density ' i diam. (cm) diam. (cm) density : diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density i
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

2 13367 ........... 3.3 2.6 1.5 4.1 22 I. 53 3.2 1.0 4.3 2.5 1.0
Goldfinger ....... Eoso 3.32 T - - T Y 3.3 e i 35 23 1.0
XRHT 1777 ...... Poss 4.9 20 1 46 3.7 20 1 s 43 15 1 45 3.3 1.5
GoldenDawnHil... | - - e - Y 4.2? 1.0% 312 2.0? 1.0?

borulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy. |
ne fruit per replicate. |




© Screening Cucurbits for Genetic Resistance to Fruit Rot in Pickles,
1999-2000

Submitted by:
M. Hausbeck
R. Hammerschmidt

Characteristics of the challenge inoculum: Four field isolates of P. capsici exhibiting diversity
for mating type, sensitivity to mefenoxam, host type, origin and AFLP fingerprint were selected
as representative of the diversity in Michigan cucurbit production fields. These include: 1)
OP97, isolated from pickling cucumber fruit in northwestern Michigan in 1997, A1 mating type,
and fully sensitive to mefenoxam; 2) SP98, isolated from pumpkin fruit in southwestern
Michigan in 1998, A2 mating type, and fully sensitive to mefenoxam; 3) 238, isolated from
pickling cucumber fruit in southcentral Michigan in 1998, A2 mating type, and intermediately
sensitive to mefenoxam; 4) 236, isolated from pickling cucumber fruit in southcentral Michigan
in 1998, A1 mating type, and sensitive to mefenoxam; 5) a control was included that consisted of
an agar plug only with no pathogen present.

Mating type was determined by mating each isolate to known Al and A2 isolates on unclarified
"V 8 agar (UCV8) plates and scoring for the presence or absence of oospores after a three to five
day incubation period. Mefenoxam sensitivity was determined in vitro by placing a 0.7 mm plug
of actively expanding mycelium onto the center of 100 x 15 mm UCVS plates amended with 0
and 100 ppm mefenoxam. Plates were incubated at 23 to 25°C for three days and colony
diameter measured. Percent growth on the amended plates was determined relative to the
unamended control. Percent growth <30% of the control is designated as sensitive, between 30
to 90% as intermediate sensitivity, and >90% as fully insensitive.

Growing of fruit: Some cucumber cultivars grown in 1999 were selected on the basis of the last
year’s screening to be grown again in 2000, along with new varieties. Five seed lots of two
cultivars (‘Reisenschal’ and ‘Vlaspik’) were selected on the basis of different seed treatments.
Cucumbers were grown according to standard practices in fields with a negative history for P.
capsici infection. Mature fruit were harvested weekly, sorted according to size, and stored in a
cold room at 4° C until a chamber experiment could be initiated (generally three to six days).

Fruit preparation and inoculation: Fruit were subjected to a 5 minute immersion in a 5%
commercial bleach solution and gently washed, then rinsed in distilled water. Fruit were allowed
to dry under ambient conditions. Dry fruit were labeled with a numerical code indicating the
inoculum and cucumber variety with a permanent marker. A 0.7 mm plug of actively expanding
mycelium or plain UCV8 agar was placed at the center of unwounded fruit. A plastic
microcentrifuge tube was placed over the agar plug and sealed to the fruit with petroleum jelly to
maintain high humidity during initial infection of the fruit.

Experimental design: A completely randomized design determined the layout of inoculated



fruit. A random number generator was used to construct a linear array. of the number set used to
code individual fruit. Fruit were incubated for four days on a bench top at room temperature and
scored for lesion diameter, sporulation density, and the diameter of sporulation.

Each of the five treatment/host combinations was replicated four times in Experiments 1 through
5. Due to a lack of fruit set of some cultivars, there were only two replications per experiment in
the last two runs (Experiments 6,7). Each treatment/host combination was represented in at least

two experiments.

Number of cucumber cultivars screened for resistance to Phytophthora capsici in 2000.

Cucumber type Number screened
Pickling 21
Slicing - _ 4
Plant introduction 32
Total | 57

Further analysis on this year’s data will be conducted to choose lines that will be evaluated in
next year’s screen. While all lines appeared to be susceptible, we are interested in pursuing those
lines where lesion diameter and sporulation density was reduced. See Appendix II for tables.



2000 Michigan State University Germ Plasm Trial:

e
A

Resistance of Cucumbers t

Variety (four fruits per replicate)
"=pickling variety

P. capsici OP97

o Phytophthora capsici, EXPERIMENT 1

P. capsici SP98

P. capsici 238

P. capsici 236

S=slicing variety Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula-
diam. tion tion i diam. tion tion i diam. tion tion i diam. tion tion
(cm) diam. density’ | (cm) diam. density” {  {cm) diam. density” | (cm) diam. density’
(ave.) (cm) (ave) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) : (ave.) (ave.) (ave.)
Arabian Hybrid, Asgrow® ......... .. 6.7 0.5 0.3 6.7 0.5 0.3 6.9 0.6 0.8 6.6 0.5 0.3
Colt Hybrid, Asgrow” .............. 6.7 0.0 0.0 7.0 0.6 0.5 6.8 0.0 0.0 6.9 1.1 0.8
Cyclone, Asgrow® . ................ 7.6 1.9 1.5 6.7 0.0 0.0 7.5 3.8 25 7.2 6.0 0.0
Discover, Seminis® ................ 6.9 0.0 0.0 6.8 0.0 0.0 6.9 0.0 0.0 6.7 0.0 0.0
Eureka, Siegers” .................. 6.3 1.9 1.3 6.0 0.0 0.0 6.7 24 1.8 6.6 1.4 1.0
Excel, Seminis” .. ................. 7.1 1.8 1.3 7.0 0.6 0.5, 7.0 0.0 0.0 6.7 0.0 0.0
Lafayette, Sun Seeds® .............. 6.8 1.1 0.8 6.5 1.5 1.0 | 7.0 1.3 1.0 6.9 1.1 1.0
Lightning, Asgrow® ............... 7.1 24 1.0 7.2 1.4 0.8 74 0.0 0.0 7.4 0.6 0.5
Palomino Hybrid, Asgrow” ......... 7.3 1.6 13 7.4 0.5 0.3 7.0 2.0 1.5 6.4 1.1 0.8
P1209067,USDA ................ 6.7 34 1.3 6.5 2.3 1.0 6.6 1.6 1.0 6.5 1.6 0.8
PI1249561,USDA ................ 7.1 0.0 0.0 6.7 0.0 0.0 6.5 0.0 0.0 6.8 0.0 0.0
P1426169, USDA ................ 7.4 1.9 1.5 6.8 0.5 0.3 7.0 23 1.3 6.6 L5 0.8
Reisenschal (control), Vlasic Foods® .. 7.2 3.0 2.3 6.9 3.0 2.3 7.1 0.0 0.0 6.8 0.0 0.0
Stallion Hybrid, Asgrow® ......... .. 6.7 0.6 0.5 7.0 0.5 0.5 7.4 0.0 0.0 7.0 0.6 0.5
Thunder, Asgrow® ................ 7.4 1.3 0.8 7.3 0.5 0.5 7.5 0.6 0.5 7.4 0.8 0.5
Transamerica, Sun Seeds® . ......... 7.0 0.7 0.5 6.6 0.5 0.3 7.1 1.3 0.8 6.7 1.1 0.8
Vlaspik (B-1,SMP), Vlasic Foods® . . .. 6.1 2.5 23 6.7 0.0 0.0 7.4 0.0 0.0 6.5 1.6 1.3
Vlaspik (B-2,SMP,+), Vlasic Foods" . . 6.8 0.0 0.0 6.5 0.0 0.0 7.1 0.0 0.0 6.8 0.0 0.0




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 1

Variety (four fruits per replicate) © P. capsici OP97 P. capsici SP98 P. capsici238 P. capsici 236
*=pickling variety ! : ;
S=slicing variety i Lesion Sporula-  Sporula- ; Lesion Sporula-  Sporula- : Lesion Sporula-  Sporula- { Lesion Sporula-  Sporula-
i diam. tion tion diam. tion tion diam. tion tion | diam. tion tion
(cm) diam. depsity' { (em) diam. density” { (cm) i diam. density” i  (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) . (cm) (ave.) (ave.) (cm) (ave.)
: (ave.) (ave.) (ave.) (ave.)
Vlaspik (B-3,SMP,E), Vlasic Foods" . . P67 0.0 0.0 65 0.0 0.0 6.9 0.0 0.0 6.6 0.0 0.0
Vlaspik (B-4,SMP,E,+), Vlasic Foods* | 7.1 0.0 0.0 68 . 00 0.0 6.8 0.0 0.0 E 6.3 0.0 0.0
Vlaspik (control), Asgrow® . ......... P72 0.5 03 i 67 00 - 00 | 73 - 05 03 | 66 0.0 0.0
Vlaspik+M Hybrid, Asgrow® ........ i 0.6 0.8 0.8 72 0.0 0.0 7.0 0.0 0.0 73 0.6 0.5
Vlasspear, Seminis® ... ............ {66 2.5 20 1 712 2.0 15 i 15 0.0 0.0 6.9 0.0 0.0

‘Rated on a scale of 0 to 3 where O=none, [=faint, 2=moderate, and 3=heavy sporulation.



2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 2

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

Sporula-

S=slicing variety Lesion Sporula-  Sporula- Lesion Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- }
diam. tion tion { diam. tion tion i diam. tion tion diam. tion tion i
(cm) diam. density” i (cm) diam. density” i {(cm) diam, density’ {  (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Arabian Hybrid, Asgrow® ........... 6.8 0.5 0.3 6.6 0.5 0.3 6.9 ll 0.0 0.0 6.9 0.0 0.0
Colt Hybrid, Asgrow® .............. 6.7 0.0 0.0 7.0 0.6 0.5 70 0.0 0.0 7.3 0.6 0.5
Cyclone, ASgrow® ................. 7.2 1.6 1.3 7.1 1.5 1.3 7.1 0.0 0.0 7.1 3.7 23
Discover, Seminis® ................ 5.0 0.0 0.0 6.7 0.0 0.0 7.0 0.0 0.0 6.8 0.0 0.0
Eureka, Siegers” .................. 7.1 1.8 1.5 6.5 0.5 0.5 6.9 2.5 2.3 6.9 24 23
Excel, Seminis® ........... ... .. ... 6.9 2.4 23 7.0 1.8 1.5 7.2 0.9 0.8 6.8 0.0 0.0
Lafayette, Sun Seeds” . ............. 7.0 1.6 1.0 7.1 0.8 0.5 7.2 1.8 1.5 6.7 0.0 0.0
Lightning, Asgrow® ............... 73 1.6 1.0 7.0 0.9 0.5 7.0 1.4 1.3 7.4 1.8 1.5
Palomino Hybrid, Asgrow’ ......... 7.1 0.3 0.8 6.9 0.0 0.0 6.8 1.3 0.8 6.7 0.9 0.8
P1249561,USDA ................ 7.1 0.6 0.5 7.2 0.9 0.8 71 0.0 0.0 7.0 0.0 0.0
PI426169,USDA ................ 7.1 1.4 1.3 6.8 0.8 0.5 7.1 1.5 1.0 6.9 1.8 1.5
Reisenschal (control), Vlasic Foods" .. 7.3 3.8 2.8 7:1 1.6 1.5 7.1 3.7 3.0 72 2.0 1.5
Stallion Hybrid, Asgrow” ........... 7.1 0.8 0.5 6.7 0.0 -~ 0.0 7.0 0.0 0.0 7.2 0.8 0.8
Thunder, Asgrow® ................ 7.3 1.0 0.8 7.1 1.8 1.0 7.4 1.0 0.5 73 0.0 0.0
Transamerica, Sun Seeds” .......... 7.1 1.5 1.0 6.7 0.6 0.5 6.9 1.5 1.5 6.8 0.5 0.5
Vlaspik (B-1,SMP), Vlasic Foods” . . . . 6.8 2.5 23 6.4 0.8 0.8 6.3 25 23 6.7 1.0 0.8
Vlaspik (B-2,SMP,+), Vlasic Foods® .. 6.9 0.0 0.0 7.3 0.0 0.0 6.8 0.0 0.0 7.1 0.0 0.0
Vlaspik (B-3,SMP,E), Vlasic Foods® . . 6.7 0.0 0.0 6.6 0.0 0.0 6.7 0.0 0.0 7.1 0.0 0.0




2000 Michigan State University Germ Plasm Trial:

Resnstance of Cucumbers to Phytophthora capszcz, EXPERIMENT 2

Vanety (four fruits per replicate) P. capsici OP97 P. capsici SP98

P. capsici 238

P. capsici 236

F=pickling variety

S=slicing variety Lesion Sporula-  Sporula- i Lesion Sporula- Sporula- Lesion Sporula-  Sporula- | Lesion  Sporula-  Sporula-
diam. tion tion diam. tion tion diam. tion * tion diam, tion tion
(cm) diam. density’ (cm) diam. density’ (cm) | diam. density’ (cm) diam. . . .density’: § i
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave))
(ave.) (ave.) (ave.) (ave.)
Vlaspik (B-4,SMP,E,+), Vlasic Foods® 6.9 0.0 0.0 6.8 0.0 0.0 6.7 0.0 0.0 7.0 0.0 0.0
Vlaspik (control), Vlasic Foods® .. ... f70 1.6 13 1 71 09 0.8 7.1 2.7 2.3 7.0 1.7 L5
Vlaspik+M Hybrid, Asgrow” ........ P70 0.0 00 | 638 1.5 1.3 7.0 0.9 0.8 6.6 0.0 0.0
Vlasspear, Seminis’ .. ............. i 6.9 13 08 | 69 0.0 0.0 7.2 0.0 0.0 6.7 0.0 0.0

*Sporulation density rated on a scale of 0 to 3 where O=none, [=faint, ~moderate and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:
Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 3

Variety (four fruits per replicate) P. capsici OP97 P. capsici SP98 P. capsici 238 P. capsici 236
*=pickling variety ! ) ’ : :
Lesion Sporula-  Sporula- { Lesion Sporula-  Sporula-  Lesion Sporula-  Sporula- i Lesion Sporula-  Sporula-
diam. tion tion { diam. tion tion i diam. tion tion } diam. tion tion
(cm) diam. density’ { (cm)’ diam. density” { (cm) diam. density’ | (cm) diam. density’
(ave.) (cm) (ave) § (ave) (cm) (ave) | (ave) (cm) (ave) { (ave) (cm) (ave.)
(ave.) oL (ave.) {ave.) (ave.)
Discover, Seminis® .. . . . . R {66 00 ..00 i 66 0.0: 00 i 64 - 00 00 i 66 0.6 03
PL209067, USDA .................. {62 3.0 20 | 56 2.4 1.5 6.0 3.0 23 i 56 2.4 1.8
PI209068, USDA .................. {64 33 17 1 65 24 15 1 63 2.5 15§ 6l 1.3 0.8
P1209069, USDA .................. i 58 3.3 23 i 62 3.0 2.5 6.1 3.6 25 6.2 2.7 2.0
PI211980,USDA .................. P59 3.8 28 i 62 3.9 2.5 6.1 3.4 28 i 60 4.0 2.5
PI271328, USDA .................. P53 25 1.8 | 52 2.0 13 | 6.0 2.3 2.0 5.6 2.5 2.3
PI330628, USDA .................. P56 2.3 15 i 52 2.3 15 i 53 3.4 23 5.6 33 25
PI358813, USDA ...oooovono o P62 24 L5 60 27 s i 61 28 18 i 60 21 o
PI358814,USDA .................. 5.9 2.0 13 s 2.0 13 | 64 1.3 08 i 40 0.0 0.0
P1390262, USDA .................. 6.2 3.8 25 167 4.1 28 1 64 3.6 2.5 6.0 3.3 2.3
P1390263, USDA .................. P58 4.0 25 {1 60 3.8 28 i 56 3.7 3.0 6.3 4.1 30
PL426170,USDA .................. 56 1.4 101 50 1.9 13 1 60 1.9 13 | 54 2.3 1.3
Reisenschal (B-1,SMP), Viasic Foods” .. | 6.1 2.9 18 i 66 3.6 25 i 64 32 2.0 6.6 2.8 23
Reisenschal (B-2,SMP,+), Vlasic Foods®* . | 6.5 3.3 23 | 62 24 15 | 64 23 13 i 56 2.9 2.0
Reisenschal (B-3,SMP,E), Vlasic Foods”. { 6.4 2.8 20 i 6.1 2.6 18 | 63 3.0 23 | 64 3.1 2.8
Reisenschal (B-4,SMP,E,+), Vlasic Foods® | 5.9 5.0 1.8 i 53 2.5 20 | 57 2.1 L5 i 58 2.0 1.3

‘Sporulation density rated on a scale of 0 to 3 where 0=none, 1=faint, 2=moderate, and 3=heavy sporulation.



2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 4

Variety (four fruits per replicate)
P=pickling variety

P. cap;ici OP97 P. capsici SP938 P. capsici 238

P. capsici 236

S=slicing variety Lgsion Spgrula- Spqrula- L;sion Spqrula- Spgrula- Le:sion Spc.)rula- Spgru|a~ L;sion Sporula-  Sporula-
diam. tion tion i diam. tion tion i diam. tion tion i diam. tion tion
(cm) diam. density’ ! (cm) diam. density’ i (cm) - diam. density’ { (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Discovér, Seminis® .................. 5.9 0.0 0.0 6.3 0.0 0.0 6.0 0.0 0.0 5.7 0.0 0.0
Meteor, ASErow® . .........oiiiia. 7.3 0.0 0.0 . 7.5 0.5 0.3 8.0 1.1 0.8 7.6 0.0 0.0
PI 197087, USDA .................. 5.3 1.0 0.5 6.1 1.4 0.8 6.0 3.9 2.5 6.4 3.6 23
PI 197083, USDA .................. 5.7 1.8 1.3 6.0 0.6 0.5 6.1 0.5 0.5 5.4 1.8 1.3
PI209068, USDA .................. 5.7 0.6 0.5 5.4 1.4 0.8 5.8 | 0.8 0.5 6.2 1.8 1.0
P1209069,USDA .................. 6.3 1.5 0.8 6.2 1.3 0.8 6.2 l 1.8 1.5 6.2 0.6 0.5
PI211978, USDA .................. 6.8 1.6 1.0 6.4 1.6 1.0 7.0 29 1.3 7.0 3.6 2.0
PI211979,USDA ............... ... 6.4 3.7 23 6.8 3.1 23 7.5 3.8 1.8 7.0 2.6 1.5
PI211980,USDA .................. 6.1 2.0 1.3 6.2 1.4 1.0 6.2 1.1 0.8 6.1 0.8 0.5
PI271328,USDA .................. 6.2 1.1 0.8 6.2 1.4 1.0 6.1 2.4 1.8 5.9 0.5 03
PI279468, USDA .................. 7.6 3.9 2.8 7.3 29 2.0 7.1 2.1 2.0 7.4 3.0 23
PI330628, USDA .................. 6.0 1.4 1.0 6.2 24 1.8 5.8 0.0 0.0 6.7 2.8 1.8
PI358813, USDA ...oovevennnn. .. 5.9 06 05 6.6 2.0 15 | 68, 15 1.0 6.6 1.6 1.0
PI358814, USDA .................. 6.1 1.4 1.0 6.2 0.8 0.3 6.5 1.5 1.0 6.7 2.5 2.0
PI1390262, USDA .................. 6.4 1.3 0.8 6.3 0.8 0.5 6.0 14 1.3 6.6 0.8 0.8
PI390263,USDA .. ................ 6.7 0.6 0.5 6.1 25 1.8 6.0 0.0 0.0 6.1 0.6 0.5
PI 426170, USDA ........... . ...... 59 0.6 '0.5 6.0 I \ 0.8 5.6 22 1.3 6.0 1.3 1.0
P1432868, USDA .................. 72 33 2.5 7.1 2.8 2.0 72 3.1 20 6.7 2.8 1.8




2000 Michigan State University Germ Plasm Trial:
Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 4

Variety (four fruits per replicate)

P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

. P..capsici 236« &

S=slicing variety Lesion  Sporula-  Sporula- Lesion  Sporula-  Sporula- i Lesion Sporula-  Sporula- } Lesion  Sporula-  Sporula-
diam. tion tion diam. tion tion diam, tion tion { diam. tion tion
(cm) diam. density” i (cm) diam. density’ (cm) diam, density’ { (cm) diam, density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave) (ave.) (cm) (ave)

(ave.) (ave.) (ave.) (ave.)

Reisenschal (B-1,SMP), Vlasic Foods® .. 5.7 0.5 0.3 6.1 0.0 0.0 5.7 0.6 0.3 6.4 0.0 0.0

Reisenschal (B-2,SMP,+), Viasic Foods® . 5.9 0.0 0.0 6.2 0.0 0.0 6.0 0.0 0.0 6.1 0.0 0.0

Reisenschal (B-3,SMP,E), Vlasic Foods”. { 5.9 0.0 0.0 5.6 0.0 0.0 6.0 0.0 0.0 6.1 0.4 0.3

Reisenschal (B-4,SMP,E,+), Vlasic Foods® 5.6 0.0 0.0 6.2 0.0 0.0 6.2 0.0 0.0 63 0.0 0.0

‘Sporulation density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT S

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

S=slicing variety Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion = Sporula-  Sporula- i Lesion Sporula-  Sporula- :
diam. tion tion ¢ diam. tion tion ! diam. tion tion diam. tion tion
(cm) diam. density’ §  (cm) diam. density” i (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)

(ave.) (ave.) (ave.) (ave.)
Discover, Seminis® .. .............. 6.1 0.0 0.0 5.9 0.0 0.0 6.0 0.0 0.0 6.4 0.0 0.0
Meteor, Asgrow® ................. 6.9 0.9 0.3 7.0 1.5 0.8 7.0 2.9 1.3 6.4 0.0 0.0
. |

P1 197088, USDA ................ 6.5 0.6 - 03 6.8 1.4 0.8 58 1.8 1.0 6.3 0.8 0.5

PI211978, USDA ................ 6.3 0.6 0.5 6.8 3.1 1.8 6.5 23 1.8 6.7 0.6 03

PI227210,USDA ............. ... 6.8 08 0.3 69 2.1 1.8 6.8 23 13 7.0 0.8 0.3

PI279468, USDA ................ 6.6 i.6 0.8 6.2 22 1.3 5.8 0.8 0.5 5.8 3.1 1.8

PI390239, USDA ................ 6.8 1.5 1.3 6.3 2.2 1.0 5.8 1.6 0.5 6.3 23 1.8

P1 432868, USDA ................ 6.2 1.6 1.0 5.6 2.4 1.5 6.3 0.0 0.0 6.4 1.5 1.0

"Sporulation density rated on a scale of  to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:
Resnstance of Cucumbers to PlzytOpIzthora cabszcz, EXPERIMENT 6

Variety (two fruits per replicate due to P. capsici OP97 P. capsici SP98 P. capsici 238

P. capsici 236

hmlted fruit set on plants) H
Sporula- |

plckllng variety Lesion Sporula-  Sporula- Lesion Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula-
diam. tion tion diam. tion tion diam. tion tion diam. tion tion
{cm) diam. density’ {cm) diam. density’ (cm) diam. density" (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Discover, Seminis® ....... ... ... .. 5.4 0.0 0.0 52 2.1 1.0 5.1 0.0 0.0 4.9 0.0 0.0
|
PI163213,USDA ................ 4.8 0.0 0.0 4.8 2.8 2.5 4.1 | 0.0 0.0 4.7 0.0 0.0
Pl 163214,USDA ................ 5.6 3.6 2.5 5.3 2.3 1.0 5.5 3.0 2.0 4.9 2.3 2.0
PI227209,USDA ................ 6.1 3.1 1.5 6.1 4.0 2.5 6.1 3.1 1.5 5.9 0.0 0.0
PI271327,USDA ................ 5.6 0.0 0.0 6.1 23 1.5 6.3 1.3 1.0 59 0.0 0.0
PI1279466,USDA ................ 6.6 3.8 2.5 5.2 2.5 2.0 5.4 2.6 2.5 5.3 3.0 1.0
PI279467,USDA ................ 6.6 3.1 2.5 6.2 3.1 1.5 6.4 2.7 1.5 6.1 3.1 1.0
PI321008,USDA ................ 6.1 0.0 0.0 6.2 0.0 0.0 5.6 2.7 1.5 5.9 2.5 1.0
PI1321009,USDA ................ 5.6 2.8 3.0 5.9 3.7 3.0 6.1 3.9 3.0 6.1 2.3 1.5
PI390240, USDA ................ 6.9 47 "3 6.1 1.3 0.5 64 31 2.0 5.7 22 1.0
P1 432867, USDA ................ 6.4 3.0 1.5 6.9 38 2.5 6.0 1.5 1.0 6.1 4.0 2.0

"Sporulation density rated on a scale of 0 to 3 where O=none, 1=faint, 2= moderate and 3 =heavy sporulation.




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 7

Variety (two fruits per replicate due to P. capsici OP97 P. capsici SP98 P. capsici 238 P. capsici 236
limited fruit set on plants, unless :
ind{ca@d othe{'wise) i Lesion  Sporula-  Sporula- i Lesion  Sporula-  Sporula- i Lesion  Sporula-  Sporula- Lesion  Sporula-  Sporuta-
P=pickling variety i diam. tion tion i diam. tion tion }{ diam. tion tion i diam. tion tion

P (cm) diam. density’ i (cm) diam. density” ! (cm) diam. density’ i  (cm) diam. density’

(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) ~(ave)
(ave.) (ave.) (ave.) : (ave.)

Discover, Seminis® ................ 5.4 0.0 0.0 5.4 0.0 0.0 5.7 0.0 - 0.0 6.0 0.0 0.0
PI 163213, USDA ......... S fos0 0.0 00 i 57 2.8 20§ 58 . . 30 - 10 6.1 -« A8 o OSiiA
PL163214, USDA ....ooven ... P57 3.1 25 1 57 3.0 25 | 52 0.0 0.0 5.7 2.3 1.0
P1249562, USDA™ ............... 5.0 2.0 1.0 5.4 0.0 00 i 5.5 0.0 0.0 5.8 3.0 3.0
PI271327,USDA ................ P59 0.0 0.0 5.9 3.1 1.5 55 0.0 0.0 5.8 0.0 0.0
P1279466, USDA ................ 6.0 3.8 2.5 6.1 3.1 1.5 6.3 0.0 0.0 59 33 2.0
PI 279467, USDA ..\ v ... 6.7 3.1 20 i 63 1.8 05 6.1 3.1 2.5 6.5 3.1 1.5
PI279468, USDA ................ 5.9 0.0 0.0 6.1 1.5 1.0 i 59 1.6 L0 1 6.l 0.0 0.0
PI321009,USDA ................ 5.9 33 25 1 60 3.3 3.0 5.9 3.8 20 | 57 3.0 2.0
P1390240, USDA ................ P63 3.3 25 1 56 0.0 00 | 56 3. 1.5 1 63 1.8 0.5
P1432867, USDA .......ccovvov... 6.1 3.0 20 i 59 23 15 | 59 3.0 20 | 64 34 2.0

"Sporulation density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation. ,
"Only one fruit per replicate. i



Characterization and Epidemiology of Phytophthora capsici Populations and
Screening for Genetic Resistance to Fruit Rot in Pickles, 2000-2001

M. Hausbeck , K. Lamour, and R. Hammerschmidt

Objective 1: Determine the environmental conditions (temperature and relative humidity)
required for sporulation of Phytophthora capsici on cucumbers.

Temperature study: Four isolates of Phytophthora capsici (OP97, 236, 238, and SP98)
were grown on unclarified V8 juice agar plates (10 each) in growth chambers maintaining the
following four temperatures: 15°, 22°, 27°, and 33°C. These temperatures span the previously
reported range of growth temperatures for P. capsici. Growth was recorded daily. This
experiment was conducted twice and the results averaged together. The average rate of growth
differed depending on the isolate, but in all cases optimal growth was achieved at 27°C (Flgure
1). Trials at 4° and 8°C resulted in no-growth of any of the isolates. _

Relative Humidity (RH) study: Isolate OP97 (A1l compatibility type) was obtained from
a naturally infected pickling cucumber fruit in the northwest region of Michigan during 1997.
Single zoospore isolation, compatibility type determination, and long term storage were as
previously described. Isolate OP97 was inoculated onto, and re-isolated from, a cucumber fruit 2
weeks prior to the initiation of the experiments and maintained on unclarified V8 juice agar (160
ml V8 juice, 3 g CaCO,, 16 g agar, and 840 ml distilled water). ’ o

Eight slicing type cucumbers (approximately 15 cm long x 5.0 cm in diameter) obtained
from a local supermarket were gently washed and immersed in 0.25% sodium hypochlorite for 5
to 10 minutes, rinsed in distilled water and air dried. A 7 mm V8 agar plug containing actively
growing P. capsici mycelium and an agar plug without mycelium were placed on opposite ends
of the intact surface of each fruit. To prevent plugs from drying out, a 1.5 ml microcentrifuge
tube without the cap and with the lip of the cap coated with petroleum jelly was placed over the
plug for 24 hours.

Experiments were conducted in a growth chamber (Controlled Environments Inc.,
Pembina, N. D.) that provided 14 hours of light from two 60W cool white-fluorescent bulbs and
maintained 23.5°C night/25.5°C day temperatures. Inoculated cucumbers were incubated for five
days at RH levels of 60%, 80%, and 98%. Relative humidity was maintained using a RH control
unit (Cole-Parmer Instrument Co., Vernon Hills, IL), and temperature and RH were recorded
every ten minutes with a data logger (HOBO, Spectrum Technologies Inc., Plainfield, IL).

Cucumbers were observed daily via a covered window built into the side of the chamber
and the presence of visible symptoms recorded. On the fifth day (approximately 120 hrs)
cucumbers were removed from the chamber, lesion diameter measured, and converted to square
centimeters. Sporangia were gently dislodged from lesions using a medium toothbrush into 200
ml of a 300 ppm rose bengal solution and counted with a hemacytometer. The estimated number
of sporangia/ml was multiplied by 200 and divided by the total square centimeters of the lesion
to obtain an estimate of total sporangia production. Each experiment was conducted twice. A
three way analysis of variance (SigmaStat) with a balanced design was conducted to detect
interactions between sporangia/cm?® and trial, RH, and fruit. Small sections were removed from
the edge of the lesions at the conclusion of each experiment and examined with a scanning
electron microscope as described below.



Phytophthora capsici isolate OP97 developed visible water soaked lesions on cucumber
fruit by the third day post-inoculation and visible sporulation by the fourth day at all three RH
levels in the chamber experiments. Results from replicate experiments were combined for
analysis because of the low level of variation between experimental results. Average lesion
diameters at day 5 were 9.9, 10.0 and 10.2 cm for the 98%, 80%, and 60% RH treatments.
Analysis of variance indicates a significant interaction between RH and number of
sporangia/cm?. Pairwise multiple comparison (Student-Newman-Keuls method) indicates that
sporangia production at 98% RH was significantly less than at 60% or 80%, whereas sporangia
production at 60% and 80% RH were not significantly different (Figure 2). Our results indicate
that sporulation of P. capsici on cucumber fruit is high at all three of the tested RH levels and,
that sporangia production at 60% and 80% RH is significantly greater than at 98% RH. These
results are markedly different than the optimal conditions described for most Phytophthora
species investigated and suggests that ambient RH levels as low as 60% are not be a limiting
factor in the production of sporangia by P. capsici on cucumber fruit.

Continued characterization of P. capsici’s life history is included in Appendix 1.

Objective 2: Screen pickling cucumber germplasm for resistance to P. capsici fruit rot.

Cucumbers of 46 different varieties were grown according to standard practices in fields
with a negative history for P. capsici in 2001. Mature fruit were harvested and stored in a cold
room ¢4°C) until used. Fruit were soaked 5 minutes in a 5% commercial bleach solution and
gently washed, rinsed in distilled water, and dried under ambient conditions. A 0.7 mm plug of
actively growing OP97 mycelium was placed at the center of labeled fruit. A plastic
microcentrifuge tube was placed over the plug and sealed to the fruit with petroleum jelly to
maintain high humidity during initial infection of the fruit. Fruit were incubated for 3 to 4 days
on a bench top at room temperature and scored for lesion and sporulation diameter, and density
of sporulation. Each experiment was conducted twice. See Appendix 2 for tables. Statistical
analyses have not yet been conducted to determine whether there are significant differences

among the tested varieties.



APPENDIX 2
Objective 2:

Screen pickling cucumber germplasm for resistance to P.
capsici fruit rot.



2001 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 4 days at room

Lesion diam. (cm)

Sporulation diam. (cm)

Sporulation density”

temperature

Repl Rep2 Ave Repl Rep2 Ave  Repl Rep2 Ave
S$S-58137, Sun Seeds 2001 ...... 5.6 5.6 5.6 3.3 34 33 2.5 1.8 2.1
SS-58139, Sun Seeds 2001 ... ... 54 5.6 5.5 3.1 2.6 29 2.8 2.0 24
SS-58141, Sun Seeds 2001 ... ... 5.6 5.8 5.7 23 24 23 L5 23 1.9
S$S-58142, Sun Seeds 2001 ... ... 5.8 6.0 5.9 2.9 2.2 2.6 1.8 23 2.0
SS-58143, Sun Seeds 2001 ... ... 6.0 6.1 6.0 30 20 25 1.8 23 2.0
SS-58144, Sun Seeds 2001 .. .. .. 5.1 54 52 24 2.0 2.2 1.8 2.0 1.9
SS-58145, Sun Seeds 2001 ... ... 59 6.1 6.0 3.1 33 3.2 1.5 1.8 1.6
SS-58146, Sun Seeds 2001 ... ... 5.0 5.1 5.0 1.5 1.9 1.7 0.8 0.3 0.5
S$S-58147, Sun Seeds 2001 . .. ... 5.6 5.7 5.6 23 24 23 1.8 1.0 1.4
SS-58148, Sun Seeds 2001 .. .. .. 5.6 5.3 5.4 2.9 2.0 24 2.8 2.0 24
SS-58149, Sun Seeds 2001 ... ... 53 5.7 5.5 2.0 1.6 1.8 1.8 0.3 1.0
SS-58150, Sun Seeds 2001 ...... 4.8 5.1 5.0 2.0 2.0 2.0 1.8 0.5 1.1
SS-58151, Sun Seeds 2001 ... ... 5.1 5.2 5.1 1.2 0.6 0.9 0.8 1.5 1.1
SS-58152, Sun Seeds 2001 ... ... 5.2 5.2 5.2 2.1 2.1 2.1 1.8 1.8 1.8
SS-58153, Sun Seeds 2001 ... ... 5.4 5.4 5.4 24 24 24 23 2.0 2.1
SS-58154, Sun Seeds 2001 ... ... 5.4 5.4 5.4 2.8 2.8 2.8 1.8 2.0 1.9
SS-58155, Sun Seeds 2001 ... ... 6.5 6.3 6.4 3.1 3.0 3.1 2.3 2.0 2.1
SS-58456, Sun Seeds 2001 ... ... 5.1 5.0 5.0 32 2.5 29 3.0 2.8 29
Excel M, Asgrow 2000 ......... 6.2 6.5 6.4 3.1 3.2 3.1 3.0 2.0 2.5
Arabian, Asgrow 2000 ......... 53 5.5 54 2.1 2.6 23 1.8 1.5 1.6
Vlaspik + M, 2000 ............ 5.1 5.5 5.3 22 22 22 1.8 2.0 1.9
Stallion, 2000 . ............... 5.0 5.2 5.1 2.4 1.6 2.0 2.5 1.8 2.1
Discover M, Asgrow 2000 ...... 6.3 64 . 63 2.5 31 2.8 2.3 2.8 2.5

*Sporulation Density rated on a scale of 0 to 3 where O0=none, 1=faint, 2=moderate, 3=heavy sporulation.



2001 Michigan State University Germ Plasm Trial
Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 4 days at room -

Lesion diam. (cm)

Sporulation diam. (cm)

Sporulation density’

temperature

Repl Rep2 Ave Repl! Rep2 Ave Repl Rep2 Ave
Discover M, Asgrow 2000 . ... .. 7.0 7.1 7.0 32 2.0 2.6 25 1.8 2.1
PI249561, USDA 2001 ........ 6.3 6.3 6.3 2.8 2.5 2.7 2.8 2.8 2.8
PI 321006, USDA 2001 ........ 5.5 5.2 53 23 2.1 22 2.3 2.5 2.4
PI 321007, USDA 2001 ........ 5.6 5.5 5.5 34 33 34 2.8 2.8 2.8
PI1321008, USDA 2001 ........ 5.1 5.3 5.2 2.9 2.7 2.8 2.0 2.3 2.1
PI1390261, USDA 2001 ........ 5.3 5.0 5.2 2.1 14 - 1.7 2.5 1.5 —;0 _
PI1390262, USDA 2001 ........ 6.1 5.8 6.0 3.0 23 2.6 3.0 3.0 3.0
P1401732, USDA 2001 ........ 5.8 5.7 5.7 2.8 26— 27 2.5 2.5 2.5
P1401733, USDA 2001 ........ 6.0 6.0 6.0 3.1 2.8 3.0 2.5 2.5 2.5
WI5551,1994 ... ..., 5.1 5.5 5.3 3.0 29 3.0 2.5 3.0 2.8

*Sporulation Density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy sporulation.



2001 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 3 days" at room

temperature Lesion diam. (cim) Sporulation diam. (cm)  Sporulation density;‘

Repl Rep2 Ave  Repl Rep2 Ave Repl Rep2 Ave
Discover M, Asgrow 2000 ...... 4.0 3.6 3.8 1.6 0.3 0.9 1.0 0.3 0.6
PI1197085, USDA 2001 ........ 2.6 24 2.5 1.7 1.8 1.7 0.5 1.0 0.8
P1 197088, USDA 2001 ........ 3.0 2.6 2.8 1.3 1.2 1.3 0.3 1.0 0.6
PI 249562, USDA 2001 ........ 32 3.5 3.4 1.1 1.2 1.2 1.0 0.5 0.8
P1271326, USD:'\_ZO_OI e 33 32 33 1.2 1.4 1.3 0.5 0.8 0.6
P1271327,USDA 2001 ........ 32 34 3_.3 1.3 1.6 1.5 1.8 1.8 1.8
WI1983G, 1997 ............. 33 3.3 33 1.9 14 1.6 2.0 1.3 1.6
WI6632E,1997 ............. 32 3.6 3.4 1.7 14 15 1.3 1.0 1.1
WI5207,2000 ............... 3.5 3.6 3.5 L.5 1.7 1.6 L5 0.8 1.1
(WI) SMR 18,2000 ........... 37 35 3.6 1.7 13/ 1.5 1.3 1.0 1.1
(WD) GY 14,1998 ............ 33 39 3.6 1.6 1.2 1.4 1.0 0.5 0.8

Experlment incubated three days due to contamination.

**Sporulation Density rated on a scale of 0 to 3 where O=nune, 1 famt 2=moderate, 3=heavy sporulation.



For EPA Use Only
ID#

Worksheet 3-A(15)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section Ii, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section [ and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance{geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hitp:/www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

B /7
Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Al results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. .

Use additional pages as needed.

Alternative: Resistant Cultivars Study: Evaluation of fungicides and host resistance for

control of Phytophthora crown rot of summer

squash, 1999.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.



For EPA Use Only
ID#

Worksheet 3-A(15)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes - No X

1a. if not on the EPA website, please attach a copy."

2. Author(s) or researcher(s) G.J. Holmes

M.E. Lancaster

F.J. Louws
3. Publication and Date of Publication Fungicide and Nematicide Tests, 2000
4. Location of research study Hendersonvilie, North Carolina

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.

Resistant Cultivars

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Using a resistant cultivar was not commercially acceptable, because there was nearly 40% of the plants killed by

Phytophthora capsici with this control measure.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

These results apply to Michigan growers, who would expect to experience similar losses.

OMB Control # 2060-0482



SUMMER SQUASH (Cucurbita pepo ‘Supersett’) G. J. Holmes', M. E. Lancaster? and F. J.
Phytophthora crown rot; Phytophthora capsici Louws', 'Dept Plant Pathology, NC State Univ,
Box 7616, Raleigh; NC 27695, and 2NC Coop.
Ext. Service, Hendersonville, NC 28792

EVALUATION OF FUNGICIDES AND HOST RESISTANCE FOR CONTROL OF PHYTOPHTHORA CROWN ROT OF
SUMMER SQUASH, 1999: The experiment was conducted in a commercial squash field near Hendersonville, NC (GPS coordinates:
N35°19.078' W082°25.178) where a severe outbreak of Phytophthora crown rot (PCR) was observed on squash in the summer of 1997. The
field was planted to sweet corn in 1997. Soil type was & Codorus loam. The PCR-resistant squash variety was a gray zucchini (SSXP210;
Harris Moran Seeds). Treatments were randomized in four complete blocks. Plots were two rows on 4-ft centers, 20 f long and separated
by two rows of pepper. Preplant incorporated (PPI) treatments were applied immediately prior to planting using a CO, backpack sprayer
equipped with a single nozzle, handheld boom, hollow cone nozzle tip (TXVK-8) and operating at 40 psi. Squash was direct seeded on 7
Jun into ridged beds. Foliar treatments were applied using the same apparatus, by a single pass on each side of the plant bed for a total
volume of 56 gal/A. Ridomil Gold + Dithane foliar applications were made on 23 Jun, 7 and 20 Jul and 4 Aug. All other treatments except
those that were preplant incorporated (PPI) were applied weekly beginning 16 Jun and ending 11 Aug for a total of 9 applications.

Disease incidence (% mortality) evaluations began 7 days following the first observation of disease (approximately 4 wilted plants
in entire test site) when plants had approximately 6 true leaves. Disease progressed rapidly with 46% of individual plots showing greater
than 80% plant death on 14 Jul. Yield was not evaluated since the main effect of the disease was plant death. Highly significant block and
treatment effects were detected (P=0.01) at each evaluation and for Area Under Disease Progress Curve (AUDPC). The Ridomil Gold EC
treatment provided superior control of the disease compared with all other chemical treatments. Because disease attacked early, we believe
that most of the effect was due to the PPI treatment rather than subsequent foliar applications. The resistant variety also held up relatively
well under the intense disease pressure. However, this variety does not possess good marketable characteristics. A postharvest evaluation
(10 Truit from each treatment stored for 20 days at room temperature) yielded 2 out of 120 fruit rotting due to P. capsici. Louws et al. report

results of the parallel study on pepper in this volume.

Mortality (%) *
Product and amount/A 29 Jun 07 Jul 14 Jul 20 Jul 28 Jul 03Aug 11 Aug 17Aug AUDPC
Acrobat 50WP, 0.4 Ib + 7
Dithane 75DF,21b ........... 11.7abc 47.7b 562b 73.0ab 7180 78.5b 81.1b 83.0b 3278b
Acrobat SOWP, 0.4 Ib + ‘
Kocide 2000,191b .. ......... 169bc 56.7b 66.0b 793 abc 86.7ab 91.8abc 93.8bc 94.5ab 3851bc
Acrobat SOWP, 0.4 1b + Dithane '
75DF, 2 Ib(stem base alt.)? .... 156bc 352.3b 59.8b 71.5b 75.8b 809bc 825b 84.1b 3441 be
Dithane 75DF, 21 ........... 222¢ 58.6b 6420 8l1.2abc 84.1bc 89.3abc 88.9bc 89.7bc 3862 bc
Ridomil Gold 4EC, 2 pt (PPI) ?,
Ridomil Gold 4EC, 2 pt + )
Dithane 75DF, 2 Ib (foliar) ... .. 0.7a 19a 33a . 56a 98a 184a 256a 294a 551 a
¢ Quadris 2.08F, 2 pt (PPI) . . . . . . 9.1abc 61.3b  73.1b  8.7abc 91.1bc 97.1bc 97.8bc  985bc 3974 be
“ Flint SOWG, 1 1b (PPD) ....... 13.3abc 68.6b 74.3 b 91.8bc 959¢ 992 ¢ 100 ¢ 100 ¢ 4204 be
“ Sovran 50WG, 11b(PPI) . ... .. 183bc 6850 8020 886abc 91.7bc 954abc 96.6bc 97.0bc - 4207 ¢
* Acrobat SOWP, 41b(PPI) . .. .. 12.1¢ 72.0b 81.2b 86.6abc 893bc 93.7abc 94.9bc 949bc 4235b¢
Resistant variety, no fungicide ... 0.0a 69a 11.2a 2.1a 237 a 285a 306a 365a 1204 a
Resistant variety +
Acrobat 50WP, 04 1b + :
Dithane 75DF,21b ........... 5.3ab 76a 187a 210a 269a 275a 31.8a 346a 1112 a
Non-treated .............. ... 19.9¢ 612b 74.8 b 94.9 ¢ 983c 100c 100 ¢ 100 ¢ 4295 ¢
LSD (P=0.05) 14.1 25.7 26.6 20.0 20.0 17.8 17.5 15.8 980

! Values are the means of 4 replicate plots. Treatments followed by the same letter within a column are not significantly different
=100, Duncan-Waller K-ratio test).

? alternated between spray directed at the base of the plant and directed at the entire plant (not possible until plant height was >1.5 ft;

approximately 20 Jun).

* PPI = preplant incorporated in top 4 inches of soil.

“ Followed by foliar treatment at 14 and 28 days afier planting.

260 Vegetables FR N Tecte 55-280




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SLICING CUCUMBERS
Incubated S days

Variety P. capsici OP97 P. capsici SP98 P. capsici SFF3 P. capsici SF3

Lesion diam. Sporulation Lesion diam. Sporulation Lesion diam. Sporulation Lesion diam. Sporulation

(cm) (ave)' density? (ave) (cm) (ave) density (ave) (cm) (ave) density (ave) (cm) (ave) density (ave)

ACX 18, Abbott & Cobb ...... 8.2 1.8 8.4 1.0 8.7 1.5 8.2 : 0.5
ACX 5001, Abbott & Cobb .. .. 8.6 1.6 8.9 1.4 8.8 1.4 83 0.6
ACX 5002, Abbott & Cobb .. .. 8.6 0.6 8.7 1.8 8.6 2.0 8.5 0.3
Dasher I, Petoseed . . . .. .. . ... 8.4 0.9 8.6 1.5 8.8 14 83 0.1
General Lee, Harris Moran Seed 8.5 1.0 8.2 1.3 8.5 1.4 8.3 0.0
Greensleeves, Harris Moran Seed 82 2.1 8.3° 0.8° 8.8° 1.3° 8.6° 1.0°
Panther, Sun Seeds ........... 9.0 1.3 8.7 1.8 8.6 1.9 8.3 1.4°
Speedway, Petoseed .......... 8.5 1.8 8.4 2.6 8.9 1.8 8.2 0.8
SRQS 2387, Sun Seeds ....... 82 0.6 8.5 1.6 8.8 1.1 8.8 0.8
SRQS 2389, Sun Seeds ....... 8.9 1.9 8.6° 1.5 9.0 1.3 8.1 0.1
Ultra Pak, Stokes ............ 8.8 038 8.8’ 2.1 3.6 1.4 8.5 0.1
Vlaspick (pickling) ............ 84 2.9 85 2.9 8.7 29 8.3° 2.5

Average of two replications (four fruits per replicate).

Sporulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

T'hree fruits averaged in replicate 1.
['wo fruits averaged in replicate 1.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

Experiments | and 2, incubated 3 days

SQUASH

Variety P. capsici OP97 P. capsici SP98 P. capsici SFF3 P. capsici SF3

Lesion Sporulation  Sporulation Lesion Sporulation  Sporulation Lesion Sporulation  Sporulation Lesion Sporulation  Sporulation

diam. (cm) diam. (cm) density’ i diam. (cm) diam. (cm) density diam, {cm) diam. (cm) density diam. (cm) diam. {cm) density

(ave)' (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave) (ave)
Dividend, Rogers ............... 4.6 2.8 1.0 4.3 23 1.3 4.4 2.8 1.0 4.5 3.5 1.5
Fortune, Rogers ................ 4.6 4.1 1.8 49 4.5 2.0 4.5 4.1 1.5 4.4 3.7 2.0
Golden Dawn II, Rogers .. ........ 4.9 3.7 1.5 43 3.0 1.5 4.2 3.0 1.0 4.5 3.6 2.3
Multipak, Harris Moran Seed . . . . .. 4.3 4.1 1.8 4.0 34 2.0 43 38 2.0 4.3 4.0 23
Revenue,Rogers . ............... 4.7 3.6 1.8 3.9 3.2 1.8 49 37 20 4.5 3.5 1.5
RSQ 496-VP,Rogers ............ 5.2 4.1 2.0 5.0 3.8 1.8 52 4.0 235 5.8 4.7 23
RSQ 7703-VP, Rogers ........... 4.5¢ 3.7 2.3 52 33 1.3 4.6 33 1.8 4.9¢ 3.8 2.0
RSQ 8057, Rogers .............. 4.8 3.9 1.5 5.0 3.8 2.0 4.7 34 1.5 5.3 39 2.0
RSQ 8058, Rogers .............. 4.3 31 1.3 4.8 3.7 1.8 5.6 4.1 1.8 4.5° 3.5° 1.5°
RSQ 8067, Rogers .............. 5.4 4.3 2.0 5.1 4.1 - 23 5.6 4.2 2.0 5.1 3.5 1.8
Spineless Beauty, Rogers ......... 4.7 33 2.0 4.9 3.0 1.5 5.5 39 1.8 3.1 4.0 1.8
Tigress, Harris Moran Seed .. ..... 5.5 4.4 2.3 4.5 4.0 2.0 5.1 36 1.3 5.2 3.8 1.8
Zucchini Elite, Harris Moran Seed . . 4.5 3.6 2.3 4.8 3.7 1.8 49 3.6 2.0 5.0 4.0 23

Average of two replications (two fruits per replicate).
Sporulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

One fruit in replicate 1.
One fruit in replicate 2.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH

Experiment 3, incubated 4 days

Variety (two fruits per

P. capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

replicate)
Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. {cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam, (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave))

Cougar, Harris Moran Seed .. 4.0 34 235 4.5 3.7 2.0 4.1 3.0 1.5 43 34 2.0
General Patton, Asgrow . .. .. 4.2 33 2.0 44 4.0 2.5 4.6 33 2.0 3.9 34 2.5
Golden Rod, Harris Moran 4.5 3.7 2.0 4.7 0.0 0.0 4.2 0.0 0.0 4.2 0.0 0.0
Seed ... ..ol '
HMX 8714, Harris Moran 4.7 2.6 1.5 4.0 1.6 1.0 4.1 0.0 0.0 4.7 2.8 2.0
Seed ...... ...,
HMX 8714, Harris Moran 33 2.2 2.0 43 1.6 1.5 39 0.0 0.0 44 14 1.0
Seed ....................
HMX 8727, Harris Moran 3.5 1.3 0.5 4.0 2.7 1.0 4.1 1.3 0.5 34 1.0 0.5
Seed ....................
HMX 9705, Harris Moran 2.8 0.7 0.5 3.0 0.0 0.0 2.32 0.0 0.0? 4.0 1.3 0.5
Seed ....... .o,
HMX 9706, Harris Moran 3.1 1.2 1.0 35 2.9 1.5 2.3 1.0 0.5 3.2 1.3 1.0
Seed ... ...,
Liberator II, Asgrow ........ 5.3 3.9 1.5 4.4 3.0 1.5 43 25 1.5 4.9 3.6 2.0
Medallion, Abbott & Cobb. . . 4.0 3.5 1.5 4.6 3.7 1.5 4.4 2.8 1.0 4.2 3.2 2.0
Revenue, Rogers .. ........ . 33 0.0 0.0 3.0 1.6 1.0 3.1 0.0 0.0 1.3 0.0 0.0
SSXP 769, Harris Moran Seed 3.7 2.8 2.0 3.6 2.7 1.5 3.7 3.0 2.5 3.8 3.8 2.0
SSXP 787, Harris Moran Seed 5.2 3.1 1.5 5.0 3.0 2.0 32 0.0 0.0 4.3 1.8 1.5

- SSXP 788, Harris Moran Seed 4.7 25 1.5 4.9 3.0 1.5 4.1 0.0 0.0 4.7 1.9 1.0




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Experiment 3, incubated 4 days
continued

SSXP 789, Harris Moran 4.1 3.1 1.5 2.8 2.5 3.5 0.6 0.5 3.0 2.0 1.5
Seed ...,

5SXP 798, Harris Moran 3.5 2.4 1.0 2.3 ' 1.0 3.6 1.6 1.0 35 23 1.5
Seed ...,

Superpik, Harris Moran 37 34 3.0 3.1 3.0 4.2 32 1.5 4.1 3.1 2.5
Seed ... ... :
Superset, Harris Moran 4.0 3.1 1.5 .8 2.8 1.0 4.6 3.0 1.0 35 2.7 2.0

Seed ...,

porulation density visually rated on a score of 0 to 3 where O0=none, 1 =faint, 2=moderate, 3=heavy.

Jne fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH

Experiment 4, incubated 3 days

Variety (two fruits per P_capsici OP97 P. capsici SP98 P. capsici SFF3 P.capsici SF3

eplicate : : H

replicate) Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. {(cm) diam. (cm) density' i diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. {(cm) diam. (cm) density

(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

Cougar, Harris Moran Seed .. 4.9 4.1 1.5 5.0 32 20 4.9 33 1.5 42 23 1.5

General Patton, Asgrow ..... 4.9 44 2.5 5.0 5.0 2.0 4.6 4.6 1.0 5.3 5.2 1.5

Golden Rod, Harris Moran 3.6 34 1.0 3.7 2.7 2.0? 4.6 34 1.0 -3 -3 -3

Seed ...l

HMX 8714, Harris Moran 5.2 335 2.5 4.7 34 2.0 54 1.5 1.0 5.0 34 2.0

Seed .....iiiiiiiiit

HMX 8714, Harris Moran 3.6% 2.5? 2.0 5.4 34 2.0 5.6 3.1 2.0 5.4? 3.7 3.0

Seed ...... ...l

HMX 8727, Harris Moran 43 43 1.0 4.7 3.9? 2.0° 4.5? 0.0? 0.0? 4.6? 2.82 1.0

Seed ..ot

HMX 9705, Harris Moran 4.2} 42} 1.0 3.3? 3.3? . 2.0 -3 3 -3 -3 w3 .3

Seed ... ..l

HMX 9706, Harris Moran 4.2 3.8 1.5 4.7 3.8 1.5 4.6 3.4 1.5 4.7 4.0 1.5

Seed ...t

Liberator II, Asgrow ........ 53 4.9 2.0 5.7 535 1.3 58 53 2.0 5.5 5.5 2.0

Medallion, Abbott & Cobb . .. 4.2 4.2 2.0 5.0 4.6 20 5.7 5.2 3.0 4.7 4.0 3.0

Rcveﬁue, Rogers........... 4.1 3.1 1.0 5.7 4.8 1.0 5.1 3.7 1.5 5.9 4.6 2.0

SSXP 709, Harris Moran Seed 4.5 4.1 3.0 4.8 4.5 2.0 6.0 53 25 5.7 54 2.5

SSXP 787, Harris Moran Seed 53 3.1 1.5 54 23 1.0 52 3.2 1.5 53 4.1 2.0

SSXP 788, Harris Moran Seed 5.0 29 1.0 39 3.1 2.3 5.0 2.9 1.5 4.7 47 1.5




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Experiment 4, incubated 3 days
continued
SSXP 789, Harris Moran 4.9 3.6 3.0 5.4 3.7 2.0 4.5 34 2.5 5.0 2.7 1.5
Seed .......iiiiiiinnn
SSXP 798, Harris Moran Seed 3.9 3.1 2.0 4.6 4.1 1.0 49 3.1 2.0 4.1 3.0 1.0
Superpik, Harris Moran Sced . 4.7 3.6 20 49 32 1.5 4.5 33 1.0 4.8 4.6 2.0
Superset, Harris Moran Seed . 5.7 54 2.5 3.5 5.5 2.3 3.7 34 1.5 5.7 4.4 1.5

'Sporulation density visually rated on a score of 0 to 3 where O=none, l =faint, 2=moderate, 3=heavy.

*QOne fruit per replicate.

3Fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH

Experiment 5, incubated 3 days

Variety (two fruits per

P._capsici OP97

P. capsici SP98

P._capsici SFF3

P. capsici SF3

eplicate) Lesion Sporulation Spor;xlation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
ACX 34, Abbott & Cobb .. .. 5.7 4.6 25 6.12 3.5 2.0 54 4.2 2.0 57 4.4 3.0
DJividend VIP, Siegers Seed . . 51 4.2 3.0 5.9 5.0 2.0 6.4 4.6 2.0 5.7 4.5 3.0
JoldenDawn ............. 4.6 3.6 1.5 4.5 3.8 1.5 4.9 3.4 1.0 4.5 34 2.0
evenue, Siegers Seed . ... .. 3.9 4.7 2.0 5.7 4.4 2.0 3.5 4.1 2.0 53 4.3 25
3X$9732, Sun Seeds ... ... 5.8 4.5 3.0 55 38 2.0 5.6 3.8 2.0 53 43 25
XRHT 1777 .............. 4.2 3.6 2.0 4.1 3.0 1.0 4.6 4.1 2.0 4.8 3.8 25
Zucchini Elite F1, Harris 52 39 2.0 5.5 4.3 2.0 4.7 32 2.0 4.7 3.5 2.0

Moran Seed

porulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

)ne fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
SQUASH

Pickling cucumber Experiment 4, incubated 3 days

Variety (two fruits per
replicate)

P, capsici QP97

P._capsici SP98

P. capsici SFF3

P. capsici SF3

Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation”  Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
ACX 34, Abbott & Cobb .. .. 4.9 3.5 2.0 4.8 33 25 4.5? 3.0 2.0? 5.0 33 2.0
Dividend VIP, Siegers Seed . . 3.6 0.6 0.5 : 5.0 3.9 2.0 4.0 1.5 0.5 4.6 3.0 20
Revenue, Siegers Seed ...... 45 3.2 2.0 ‘ 4.8 34 2.0 52 3.7 2.0 4.6 2.8 1.5
Seasons, Abbott & Cobb . ... 3.6 1.9 1.5 E 5.2 1.8 0.5 5.9 36 2.0 54 38 L5
Seneca Prolific, Siegers Seed . 49 4.1 2.0 5.4 45 1.5 53 4.1 2.0 4.6 1.8 0.5
SXS 9732, Sun Seeds . . ... .. 5.6 4.2 3.0 54 39 1.3 5.0 3.7 20 49 3.2 25
Zucchini Elite F1, Harris 5.2 33 1.0 42 33 . 1.5 5.3 3.6 2.0 4.0 1.8 1.0

Moran Seed

Sporulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

One fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Rerun of pickling cucumber Experiment 4, incubated 3 days

Variety (two fruits per P. capsici OP97 P._capsici SP98 : P. capsici SFF3 P. capsici SF3
replicate) v

Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation

diam. (cm) diam. (cm) density * diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density

(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
ACX 34, Abbott & Cobb .. .. 4.6 ‘ 3.8 1.5 5.1 3.8 1.0 4.8 3.8 1.5 -2 - -2
Dividend VIP, Siegers Seed . . 4.5 33 2.5 4.7 4.1 1.0 4.8 3.7 1.5 4.2 1.9 0.5
Revenue, Siegers Seed ... ... 3.8 1.7 1.0 4.4 1.7 0.5 4.8 1.7 1.0 36 1.4 1.0
Seasons, Abbott & Cobb . ... 4.0 1.8 1.0 5.1 4.3 1.0 4.5 39 1.0 3.5 1.6 0.5
Seneca Prolific, Siegers Seed . 4.8 3.9 3.0 4.7 4.2 2.3 4.7 3.8 2.3 3.8 33 2.0
SXS 9732, Sun Seeds ...... 49 3.7 25 4.4 33 1.0 2.5 1.3 0.5 44 3.4 1.5
Zucchini Elite F1, Harris 4.6 32 1.5 4.2 2.7 1.0 4.0 1.5 0.5 45 2.0 1.5
MoranSeed .............. '

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

Fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Pickling cucumber Experiment 6, incubated 3 days
Variety (two fruits per P. capsici OP97 _. P. capsici SP98 P. capsici SFF3 P. capsici SF3
licate
replicate) Lesion Sporutation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
13367, USDA ............ 54 3.9 1.0 3.8 0.0’ 0.0 3.9 0.0 1.0 0.5

sporulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

SQUASH
Pickling cucumber Experiment 7 (redo’s), incubated 3 days
Variety (two fruits per P. capsici OP97 P_capsici SP98 P. capsici SFF3 P. capsici SF3
replicate |
P ) Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Sporulation
diam. (cm) diam. (cm) density ' diam. (cm) diam. (cm) density diam. (cm) diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

13367, USDA . ............ 3.5 2.6 1.5 4.1 22 l. 53 32 25 1.0
Goldfinger ............... 500 . 3.32 1.0? -3 -3 -3 4.2? 3.32 23 1.0
Golden Dawn Il ........... - -3 -3 - =y 2 42 4.2 2.0 1.0?
XRHT 1777 ...t 5.3 4.9 2.0 4.6 3.7 2.0 =351 43 33 1.5

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.
One fruit per replicate,
Fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 1, incubated 6 days

"ariety (four fruits per

P. capsici OP97

P. capsici SP98

P. capsici SFE3

.P. capsici SF3

splicate)
Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density (ave.)
(ave.) (ave.)) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

‘alypso, Atlas Seeds ....... 9.1 8.6 3.0 8.3¢ 5.2} .30 9.6 8.7 3.0 8.7 7.2} 3.0
sarolina, Atlas Seeds ... ... 9.8 83 3.0 9.5 7.5 3.0¢ 10.1 8.1 3.0 8.7 7.2 2.8
ross Country F1, Harris 9.0 8.6 3.0 8.0° 6.1° 3.0° 9.6 8.8 3.0 8.8° 6.2} 2.7
foranSeed ..............

discover M Hybrid, Asgrow . 9.7 8.2 3.0 10.1 6.8 3.0 10.6 1.7 3.0 11.3 7.8 3.0
X 1914 183491, Seminis ... - 91 8.6 3.0 1.7 4.8 2.52 9.5 8.1 3.0 9.4 8.9 3.0
xcel M, Asgrow .......... 9.5 7.8 3.0 8.6 5.4 2.0* 11.6 8.1 3.0 8.7 7.0° 3.0
‘ancipak, Asgrow . ......... 10.1 9.1 3.0 8.9 6.3 3.0 10.9 9.1 3.0 10.3 84 3.0
‘MX.5020 F1, Harris Moran 9.9 8.4} 3.0 7.5% 4.9 2.52 9.8 7.6 3.0 84 6.1 l2.8
eed ..

IMX 3469 F1, Harris Moran 9.5 7.1 3.0 7.6 4.0° 1.5% 9.8 8.2 3.0 9.0° 5.9° 2.3
eed L.

IMX 8460 F1, Harris Moran 10.4 8.2 3.0 93 6.4 2.8 10.7 9.0 3.0 9.7 7.6 3.0
wed oL RERE

IMX 8461 F1, Harris Moran 10.9 8.9 3.0 9.2 6.5 3.0 104 9.4 3.0 9.5 8.0 3.0
eed ...

.afayette Classic, Sun Seeds . 10.1 8.4 3.0 7.4 4.8 2.8 9.4 8.6 3.0 10.7 8.0 3.0
1209064, USDA ......... 10.1 8.9 3.0 7.62 4.8? 3.0 9.8 8.3 3.0 94 8.7 3.0
1426169, USDA ......... 10.1 73 3.0 8.5¢ 6.2} 3.0 10.0 7.6 3.0 10.0 6.6 2.8
1466922, USDA ......... 9.6 7.7 3.0 8.8 6.4 3.0 9.6 83 3.0 10.3 8.0 3.0
dioneer, Atlas Seeds . ..... .. 94 83 3.0 7.6 6.12 3.0 9.9 8.8 3.0 9.8 6.5 25




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS

Experiment 1, incubated 6 days
Continued

/ariety (four fruits per

P. capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

eplicate)
Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ! diam. (coy) diam. (cm) density i diam. (cm) diam. (cm) density diam, (cm) diam. (cm) density (ave.)
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
tegal F1, Harris Moran Seed . 10.4 8.4 3.0 9.2° 7.4} 3.0° 10.8 8.6 3.0 10.6 8.4 3.0
toyal Fl, Harris Moran Seed . 9.6 8.8 3.0 8.9’ 1.5° 3.0 9.3 8.6 3.0 10.2 8.4 3.0
SRQP 2391, Sun Seeds .. ... 104 9.0 3.0 -3 -5 .3 9.2 85 3.0 8.7 7.8 3.0
stallion 193782, Seminis Seed 9.9 85 3.0 10.7 8.0 3.0 10.3 9.5 3.0 11.4 9.5 3.0
jumter, Atlas Seeds ........ 9.9 7.8 3.0 9.1 6.2° 3.0? 11.0 8.0 3.0 9.7 7.2 3.0
famor Hybrid, Asgrow .. .... 10.7 9.5 3.0 10.4 8.7 3.0 10.4 9.2 3.0 10.0 9.1 3.0
(ransamerica F1, Harris Moran 9.7 7.7 3.0 8.52 7.0° 3.0 10.8 8.4 3.0 9.2 8.8 3.0
seed L ..iiiiieeiii
Yictoria, Sun Seeds. ........ 10.3 8.1 3.0 94 9.0 3.0 10.3 9.2 3.0° 11.4 9.8 3.0
Vlaspik VGA733, Seminis . .. 10.2 75 3.0 9.3 57 2.3 10.7 74 3.0 9.1 6.5 2.5
Vlasset, Asgrow ........... 8.7 8.1 3.0 8.7 6.7 3.0 9.9 8.7 3.0 9.2 8.2 3.0
Vlasspear Hybrid, Asgrow . .. 9.6 8.4 3.0 8.8° 6.6° 3.0° 10.1 9.0 3.0 9.1 8.2 3.0
Vlasstar B, Asgrow ......... 9.2 7.6 3.0 6.9 3.9 1.5 10.4 3.4 3.0 9.1 7.0 3.0
Wisconsin, Atlas Seeds .. ... 9.6 7.4 3.0 9.0 8.2? 3.0 10.3 8.2 3.0 10.9 8.4 3.0

porulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

wo fruits per replicate.
hree fruits per replicate.
Ine fruit per replicate.

A1 fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthbra capsici
PICKLING CUCUMBERS

Experiment 2, incubated 3 days

Variety (four fruits per

P._capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

:eplicate)
Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ' diam. (cm) diam. (cm) density diam. (cm) diam. {cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

Carolina, Atlas Seeds ....... 3.9 2.8° 2.0° 4.2 2.6 1.8 4.6 1.6 1.0 3.8 23 1.5
Cross Country F1, Harris 4.9° 3.3 2.0° 35 2.4 1.3} 4.8 2.5 1.3 4.3 3.0 1.5
MoranSeed ..............

Discover M Hybrid, Asgrow . 4.7 1.6 1.0 4.2 1.8 1.0 5.0 3.0 1.5? 5.1 1.8 1.3
EX 1911 155633, Seminis ... 4.5 29 2.0 4.1 2.6 2.0 4.3? 3.42 2.0° 4.2 2.8° 1.3°
EX 1914 183491, Seminis . .. 4.7 3.4 2.0° 4.5} 3.3 2.0° 3.8 3.1 2.0 4.5? 3.32 2.5?
Excel M, Asgrow .......... 4.2 2.7 1.5 4.8 3.0 1.8 5.0° 3P 1.7 4.3} 2.9° 1.7
HMX 3469 F1, Harris Moran 45° 34 2.0° 3.7 3.12 2.0? 4.4 2.8} 1.0¢ 6.0? 432 3.0
Seed ...l

HMX 8460 F1, Harris Moran 52 34 2.0 4.9 2.8 1.5 4.6 3.5 2.0? 4.8 28 1.8
Seed ...t

HMX 8461 F1, Harris Moran 4.1 3.0 1.8 4.4 29 1.7 4.7 3.1 1.3° 4.5 3.8 2.0°
Seed ...t

Jackson, Sun Seeds . ........ 49 3.9 2.0 5.2 2.2 1.3 4.9 34 2.0 5.3} 4.4 2.7
Lafayette Classic, Sun Seeds . 5.0 4.1 23 4.4 2.8 2.0° 5.8 2.7 Wk 4.6’ 3.3 2.0°
P1466922, USDA ......... 5.0 3.42 1.5% 4.12 2.2° 1.5 4.8? 3.6% 2.0 3.9 1.9 1.3?
Regal F1, Harris Moran Seed . 3.9 3.4° 2.0° 4.8 3.3 1.7 5.2° 3.2 1.3° 42’ 2.7 1.7
Royal F, Harris Moran Seed!1 . 4.1° 2.8° 1.0° 4.5 3.1 2.0° 4.5} 3.0° 1.7 3.62 2.12 1.5%
Stallion 193782, Seminis . ... 4.6 3.7 2.0 2.5¢ 2.5¢ 2.0 3.3° 2.8 1.7 4.6 3.5 2.0
Tamor Hybrid, Asgrow ...... 4.2 23 1.5 4,12 2.8 1.5? 4.7 3.4 2.0° 3.22 2 42 1.0
Vlasstar B, Asgrow ......... 4.5 3.1 2.0 3.3 1.8 1.0 49 22 1.0 4.5 3.0 1.8




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS

Experiment 2, incubated 3 days
Continued

Variety (four fruits per

P. capsici OP97

P. capsici SP98

P._capsici SFF3

P. capsici SF3

replicate) : :
Lesion Sporulation Sporulation ;  Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ! : diam. (cm) diam. (cm) density | diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
Wisconsin, Atlas Seeds .. ... 54 2.1 1.0 4.4 3.0 1.8 4.9 2.9 1.52 52 3.1 1.8

sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

F'wo fruits per replicate.
[hree fruits per replicate.
Ine fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 3, incubated 4 days

Variety (two fruits per

P.capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

replicate) Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cin) diam. (cm) density ' { diam. (cm) diam. (cm) density ¢ diam. (cm) diam. (cm) density } diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

Calypso, Atlas Seeds ....... 6.0 4.1 2.0 6.3 4.3 1.5 6.9 4.9 2.5 5.9 3.7 2.0
EX 1911 133633, Seminis ... 6.3 43 2.0 5.4 49 2.0 5.9 4.7 2.0 7.0 4.8 2.0
Fancipak, Asgrow .......... 6.9 3.9 1.3 7.6 4.1 2.0 6.3 5.1 2.0 5.9 34 1.5
FMX 5020 Fi, Harris Moran 6.6 5.0 2.5 6.8 4.9 2.0 6.6 5.1 25 6.1 53 25
Seed ...l

P1209064, USDA ......... 6.9 4.0 L3 6.9 52 2.0 6.4 44 20 6.4 4.3 1.5
P1390241,USDA ......... 6.12 6.1 3.0 6.1 5.6 3.0 5.52 6.32 1.0? 5.5 49 2.5
P1391570,USDA ......... 5.9 4.6 2.0 4.5 3.9 2.0 5.7 4.9 2.0 3.32 3.3? 2.0°
P1 422182, USDA ......... 6.2 4.8 2.0 3.8 1.8 0.5 6.8 5.6 2.3 6.8 3.7 2.0
P1426169,USDA ......... 39 3.9 1.3 3.5 2.3 1.0 6.1 42 1.5 59 5.0 2.0
P1426170,USDA ......... 38 39 1.5 3.7 34 1.5 6.0 42 2.0 6.0 33 1.0
P1432890, USDA ......... 3.1 4.6 2.0 5.2 33 1.5 5.6? 5.6 2.0° 6.4 5.0 2.0
P1483339,USDA ......... 5.6 3.8 2.0 6.0 44 1.5 53 4.3 2.0 4.2 3.4 2.0
Pioneer, Atlas Seeds . ....... 6.5 4.7 4.0 . 3.9 2.5 1.5 7.7 5.2 1.0 4,7 4.7 2.0
SRQS 2389, Sun Seeds ..... 52 3.2 2.3 6.4 5.8 2.3 5.6 4.7 25 7.1 5.3 2.0
SRQP 2391, Sun Seeds . .... 4.7 4.7 2.0° 4.2? 4.2? 2.0% 6.6 3.1 3.0 7.0 4.0 2.0
Transamerica F1, Harris Moran 6.0 4.2 2.0 6.0 4.1 2.0 5.1 3.7 1.5 5.5 4.1 2.0
Seed ...t

Vlaspik VGA733, Seminis . .. 6.7 23 1.0 5.8 3.6 2.0 7.0 4.9 20 6.3 29 1.5
Viasset, Asgrow ........... 5.5 5.3 3.0 33 49 2.5 3.9 5.0 2.0 6.0 4.1 2.0

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

One fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS
Experiment 4, incubated 3 days
Variety (two fruits per P. capsici OP97 P. capsici SP98 P. capsici SFF3 P. capsici SF3
replicate) Lesion Sporutation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation - Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
P1167223, USDA ......... 3.7 28 1.3 4.8 3.0 1.0 43 2.5 1.0 3.3 0.0 0.0
P 197086, USDA ......... 3.4 2.1 1.0 3.8 2.7 2.0 44 2.1 1.0 3.2? 1.62 1.0?
P1209069, USDA ......... 35 0.0 0.0 3.4 0.0 0.0 4.9 2.3 1.5 37 1.0 0.5
PI1234517,USDA ......... 5.0 0.0 0.0 4.3? 1.9° 2.0 -3 -3 -3 1.52 1.5? 1.0
PI271328,USDA ......... 5.0° 2.1° 1.0? - -3 - -3 -3 - 3.3 0.0 0.0?
PI 288238, USDA ......... -3 -3 -2 5.0 3.4 2.0 5.32 3.12 2.0° 4.0 2.8 1.5
PI330628, USDA ......... 4.3 2.1 1.5 4.0 1.2 0.3 4.6 3.0 1.3 44 1.5 0.5
.PI 390241, USDA ......... 34 1.2 0.3 34 2.0 1.0 | 43 2.1 1.0 -3 -3 -2
PI391570,USDA ......... 3.6 0.0 0.0? -3 -3 - 4.12 2.12 1.0? 4.2? 3.0 1.02
Pl 422182, USDA ......... ‘ 4.1 1.9 1.0 4.6 23 1.0 4.5 27 1.0 4.0 22 1.0
P1426170,USDA ......... 4.0 1.8 1.0 3.7 0.0? 0.0? 4.2? 0.0? 0.0? 2,12 0.0? 0.0
P1432851,USDA ......... -2 -3 -3 = - -3 - -3 - -3 - -3
P1432855,USDA ......... 3.6 25 2.0 - -3 - - - -3 -3 - -3
PI 483339, USDA ......... 44 1.2 0.3 ' 4.7 2.9 1.0 -3 -3 -3 3.62 222 1.0
SRQS 2389, Sun Seeds ... .. 4.1 2.7 2.0 ' 4.0 22 1.5 4.0 22 1.5 38 2.8 1.5

Sporulation density visually rated on a score of 0 to 3 where 0=none, 1=faint, 2=moderate, 3=heavy.

One fruit per replicate.

All fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 5, incubated 3 days

Vari'ety (two fruits per P. capsici QP97 P. capsici SP98 P. capsici SFF3 P_capsici SF3
replicate) Lesion Sporulation Sporutation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ' diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
PT 163213, USDA ......... 4.6 2.3 1.0 4.9 2.5 1.0 52 22 1.0 4.2 23 1.0
P1 167223, USDA ......... 5.4 3.1 1.5 3.6 335 1.0 8.1 35 1.0 5.0 1.5 0.5
P1 197086, USDA ......... 3.1 0.5 0.3 2.6 2.6 1.0 34 2.2 1.5 4.0 2.6 2.0
PI1 197088, USDA ......... 34 1.0 0.5 : 5.0 32 1.5 3.5 0.0 0.0 3.4 0.0 0.0
P1209069, USDA ......... 54 33 1.5 ' 4.9 3.0 1.5 4.6 2.6 1.0 4.7 22 1.5
PI1227209,USDA ......... 4.6 2.1 1.0 ] 32 3.1 1.5 4.8 24 1.0 5.3 33 1.5
P1234517,USDA ......... 4.8 2.9 1.5 3.9 1.3 0.5 39 0.9 0.5 3.8 1.4 0.3
P1267942,USDA ......... 4.6 29 1.3 52 32 1.0 4.8 2.1 1.0 4.2 22 1.0
PI271328,USDA ......... 3.7 0.0 0.0 5.3 1.3 0.5 37 1.2 0.5 4.1 0.0 0.0
P1288238, USDA ......... 54 32 0.5 5.7 3.7 2.0 5.6 1.7 1.5 4.9 2.7 1.0
P1 330628, USDA ......... 4.2 27 2.0 4.5 25 1.5 43 1.3 0.5 2.8 0.0 0.0
PI1390244,USDA ......... 4.6 2.6 1.5 4.9 2.8 1.0 4.7 0.0 0.0 4.4 2.1 1.0
P1390529, USDA ......... 5.0 1.9 1.0 4.2 1.9 1.0 3.7 3.1 2.0 39 2.0 1.0
PI 418964, USDA ......... 5.1 2.8 135 5.0 2.7 1.5 4.5 22 1.0 - 3.6 2.7 1.0
PI 432851, USDA ......... 5.8 3.7 2.0 4.6 2.3 1.0 4.2 1.4 1.0 4.6 2.5 0.5
P1432855,USDA ......... 5.5. 34 3.0 55 32 1.5 5.8 3.1 1.5 4.9 2.8 1.5
PI 432865, USDA ......... 5.7 4.5 3.0 438 37 2.0 4.4 2.6 1.0 4.5 3.0 1.5
P1 432890, USDA ......... 4.5 2.7 1.0 4.7 1.7 1.0 6.3 1.7 1.0 5.0 24 1.0
Sumiter, Atlas Seeds ........ 4.7 3.4 2.0 5.0 3.2 1.5 5.5 2.4 1.0 4.9 2.8 20.

'Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint,

2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici

PICKLING CUCUMBERS
Experiment 6, incubated 3 days
Variety (two fruits per P, capsici OP97 P. capsici SP98 P, capsici SFF3 P. capsici SF3 _
eplicate) Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density  -i diam. (cm) diam. (cm) density (ave.) ;: diam. (cm) diam. (cm) density (ave.)
(ave.)) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)

Ames 7118, USDA . .... 4.5 34 3.0 4.0 3.0 1.0 4.6 1.5 0.5 37 1.2 0.5
lackson, Sun Seeds . . ... 5.1 33 25 4.7 3.2 1.0 5.7 3.7 1.5 4.2 23 2.0
?1163213,USDA . .... 44 1.1 0.5 5.0 1.3 0.5 4.8 0.0 0.0 4.9 0.0 0.0
P1 197088, USDA ..... 3.5 2.0 1.0 4.0 1.3 0.5 3.7 0.0 0.0 4.3 0.8 0.5
PI211979,USDA ..... 57 29 2.0 52 1.4 0.5 4.5 0.0 0.0 4.4 0.7 0.5
PI 249562, USDA ..... 4.1 0.0 0.0 4.3 1.0 0.5 4.9 0.8 0.5 4.6 0.0 0.0
PI 267942, USDA ..... 43 0.9 0.5 54 2.0 1.0 4.1 1.2 0.5 3.3 0.0 0.0
P1279466, USDA ..... 5.1 2.2 1.0 5.2 1.2 0.5 4.9 1.9 1.0 3.9% 0.0? 0.0
P1279467, USDA ..... 44 0.7 0.5 4.1 0.0 0.0 3.1 0.0 0.0 44 1.0 0.5
PI1279468, USDA ..... 4.8 1.0 0.5 4.8 1.1 0.3 3.7 0.0 0.0 2.9 0.0 0.0
P1321008, USDA ..... 59 0.0 0.0 5.5 1.2 0.5 52 0.0 0.0 4.8 0.9 03
P1390240, USDA ..... 5.0 0.0? 0.0 4.7 0.0 0.0 6.3 1.5 0.5> 5.2 1.5? 1.0
P1390244, USDA ..... 4.4 1.9 1.0 5.2 0.7 0.3 4.5 1.0 0.5 5.0 0.8 0.5
P1390246, USDA ..... 5.4 2.1 1.0 5.6 24 1.0 5.6 27 1.0 43 | 0.0 0.0
P1390262, USDA ..... 3.7 24 1.0 3.6 2.0 1.0 52 23 1.0 4.5? 2.0? 1.0
P1390529, USDA ..... 4.9 2.4 1.0 4.7 1.1 0.5 5.0 0.0 0.0 5.2 1.0 0.5
P1418964, USDA ..... 5.2 22 1.0 6.2 2.8 1.0 4.7 24 1.0 3.8 0.8 b.S
PI 432865, USDA ..... 4.6 3.1 3.0 38 1.9 1.0 5.8 2.9 1.0 4.8 29 20
P1432867, USDA ..... 53 29 1.0 54 2.9 1.0 5.1 1.0 0.5 4.9 0.0 0.0

sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

Jne fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 7 (redo’s), incubated 3 days

Variety (two fruits per

P, capsici OP97

P. capsici SP98

P. capsici SFF3

P_capsici SF3

replicate) i
Lesion Sporulation Sporulation {  Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density' { diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
Ames 7118, USDA ......... 4.6 33 2.0 4.0 2.9 1.5 4.2 2.5 1.5 4.0 3.1 2.0
Excel M, Asgrow .......... 4.2 0.0 0.0 5.6 0.0 0.0 4.5 0.0 0.0 3.6 0.0 0,0
HMX 3469 F1, Harris Moran 4.8 0.6 0.5 4.5 0.0 0.0 4.4 0.0 0.0 3.2 0.0 0.0
Seed ... ...l
PI211979,USDA ......... 52 2.8 1.5 53 3.1 1.0 4.7 34 1.0 4.6 23 1.0
P1279468, USDA ......... 5.1 4.6 1.3 4.6 33 25 4.9 3.8 2.0 4.6 3.7 2.0
P1390241,USDA ......... 5.2 3.8 3.0 5.3 4.0 2.0 4.0 3.4 2.0 43 3.1 1.0
P1390246, USDA ......... 5.0 29 1.0 5.1 3.0 1.0 4.7 2.4 1.0 6.1 4.4 1.5
PI1422182, USDA ......... 3.9 0.0 0.0 43 0.0 0.0 4.0 0.0 0.0 1.9 0.0 0.0

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Rerun of Experiment 4, incubated 3 days

Variety (two fruits per
replicate)

P. capsici OP97

P. capsici SP98

P. capsici SFF3

P. capsici SF3

Lesion

Sporulation :

Lesion

Sporulation

Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation

diam. (cm) diam. (cm) density ! diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density

(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) ~(ave)) (ave.) (ave) (ave.) (ave)
PI 167223, USDA ......... 4.9 34 25 4.6 2.6 1.0 44 32 1.5 4.8 33 2.0
PI1 197086, USDA ......... 4.0 2.5 2.0 3.8 1.2 0.5 4.0 22 1.5 3.2 0.0 0.0
P1209069, USDA ......... 3.9 0.0 0.0 4.5 1.2 0.5 39 1.8 1.0 3.7 0.0 0.0
P1234517,USDA ......... 33 3.3 3.0 4.2 29 1.0 3.8 2.9 2.0 2.8 0.0 0.0
PI271328,USDA ......... 3.6 0.0 0.0 4.2 2.2 1.0 4.1 0.0 0.0 3.6 1.4 0.5
PI1288238, USDA ......... 5.2 39 1.3 4.7 3.7 2.0 49 3.8 3.0 43 3.1 2.5
P1330628, USDA ......... 4.1 24 2.0 4.5 1.2 0.5 45 2.8 1.3 3.5 0.0 0.0
PI1391570,USDA ......... 4.6 28 1.0 4.3 2.3 1.0 33 0.0 0.0 3.9 3.0 2.0
PI426170,USDA ......... 4.3 1.3 0.5 43 3.0 1.3 4.5 0.0 0.0 3.6 1.5 0.5
PI 432851, USDA ......... 4.7 2.8 2.0 4.8 3.6 3.0 4.7 1.4 0.5 4.3 1.6 0.5
PI 432855, USDA ......... 40 3.5 2.0 44 3.1 2.0 4.7 34 235 4.2 3.0 1.0
PI483339, USDA ......... 45 23 1.5 4.6 34 1.5 3.4 1.4 1.0 4.6 1.7 0.5
SRQS 2389, Sun Seeds ..... 33 0.9 1.0 5.1° 2.7? 1.0 3.2 1.7 1.0 2.6 0.0 0.0

Sporulation density visually rated on a score of 0 to 3 where O=none, |=faint, 2=moderate, 3=heavy.

One fruit per replicate.




1999 MICHIGAN STATE UNIVERSITY GERM PLASM TRIAL: Resistance to Phytophthora capsici
PICKLING CUCUMBERS

Experiment 8, incubated 3 days

Vari_ety (two fruits per P. capsici OP97 P._capsici SP98 P. capsici SFF3 P. capsici SF3
replicate) Lesion Sporutation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation Lesion Sporulation Sporulation
diam. (cm) diam. (cm) density" diam. (cm) diam. (cm) density' : diam. (cm) diam. (cm) density’ { diam. (cm) diam. (cm) density'
(average) (average) (average) (average) (average) (average) (average) (average) (average) (average) (average) (average)
Calypso, Atlas Seeds ....... 4.5 1.6 0.5 4.4 3.2 2.0 44 33 1.5 4.8 2.6 1.5
Carolina, Atlas Seeds ....... 3.9 35 3.0 4.7 4.0 2.5 4.3 3.8 1.0 4.2 3.7 2.5
P1249562, USDA ......... -3 -3 -3 -2 -3 -3 -3 -3 -3 -3 -3 -3
P1279466, USDA ......... -3 -3 -3 4.2? 3.22 1.0 -3 -3 -3 4.0 2.5? 2.0
P1279467, USDA ......... -3 -2 -3 3.9 3.9 2.0 -3 -3 -3 -3 -3 -3
P1358813,USDA ......... - - - 4.6 2.0° 1.0? - - - -3 - -
P1390240, USDA ......... 3.92 3.22 1.0? -3 -3 -3 3.9? 2.5? 2.0 3.5 2.7 2.0?
PI390241,USDA ......... 5.1 3.8 1.5 4.8 3.6 25 4.2 3.1 1.0 5.4 4.0? 2.0
PI422182, USDA ......... | 4.0 3.0 2.0 4.9 3.8 2.0 6.0 39 1.0 4.3 34 2.0
P1432867, USDA ......... -3 -3 - -3 -3 -3 4.1 34 1.0 -2 -3 -3
P1432890, USDA ......... 4.6 3.0 1.0? -2 -3 -3 5.0 2.2? 1.0? 4.7 3.1 1.5
P1 483339, USDA ......... 4.5? 2.5° 2.0 5.2 3.5 1.0° 4.6? 3.8 1.0? 2.52 0.0 0.0°
SRQP 2391, Sun Seeds ..... 4.1 37 2.5 4.0 4.0 2.0 4.6 4.1 20 4.0 4.0 2.0
Stallion 193782, Seminis . . .. 3.22 3.22 1.0? 3.4 3.42 2.0? -3 -3 -3 4.0 4.0 2.0°

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

One fruit per replicate.
All fruits were too contaminated to evaluate.




1999 MICHIGAN STATE UNIVERSITY GE

RM PLASM TRIAL: Resistance to Phytophthora capsici
SQUASH

Variety (two fruits per
replicate)

P. capsici QP97

Run of Experiment 7 (redo’s), incubated 3 days

P._capsici SP98

P. capsici SFF3

P. capsici SF3

Lesion

Lesion

Sporulation Sporulation Sporulation  Sporulation Lesion Sporulation Sporulation Lesion Sporutation Sporulation
diam. (cm) diam. (cm) density ' diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density diam. (cm) diam. (cm) density
(ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.) (ave.)
72 13367 ........... 3.5 2.6 15 4.1 2.2 1. 5.3 3.2 1.0 4.3 2.5 1.0
Goldfinger ....... 5.0 332 1.0 -- -- - 4.2 3.32 1.0? 3.5 2.3 1.0
XRHT 1777 ...... 5.5 4.9 20 4.6 3.7 2.0 5.1 43 L5 4.3 33 1.5
Golden Dawn [I1 ... - - - - - - 4.2 4.2 1.0% 3.12 2.0 1.0

Sporulation density visually rated on a score of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy.

Ine fruit per replicate.




Screening Cucurbits for Genetic Resistance to Fruit Rot in Pickles,
1999-2000

Submitted by:
M. Hausbeck
R. Hammerschmidt

Characteristics of the challenge inoculum: Four field isolates of P. capsici exhibiting diversity
for mating type, sensitivity to mefenoxam, host type, origin and AFLP fingerprint were selected
as representative of the diversity in Michigan cucurbit production fields. These include: 1)
OP97, isolated from pickling cucumber fruit in northwestern Michigan in 1997, A1 mating type,
and fully sensitive to mefenoxam; 2) SP98, isolated from pumpkin fruit in southwestern
Michigan in 1998, A2 mating type, and fully sensitive to mefenoxam; 3) 238, isolated from
pickling cucumber fruit in southcentral Michigan in 1998, A2 mating type, and intermediately
sensitive to mefenoxam; 4) 236, isolated from pickling cucumber fruit in southcentral Michigan -
in 1998, Al mating type, and sensitive to mefenoxam; 5) a control was included that consisted of
an agar plug only with no pathogen present.

Mating type was determined by mating each isolate to known A1 and A2 isolates on unclarified
V8 agar (UCV8) plates and scoring for the presence or absence of oospores after a three to five
day incubation period. Mefenoxam sensitivity was determined in vitro by placing a 0.7 mm plug
of actively expanding mycelium onto the center of 100 x 15 mm UCVS8 plates amended with 0
and 100 ppm mefenoxam. Plates were incubated at 23 to 25°C for three days and colony
diameter measured. Percent growth on the amended plates was determined relative to the
unamended control. Percent growth <30% of the control is designated as sensitive, between 30
to 90% as intermediate sensitivity, and >90% as fully insensitive.

Growing of fruit: Some cucumber cultivars grown in 1999 were selected on the basis of the last
year’s screening to be grown again in 2000, along with new varieties. Five seed lots of two
cultivars (‘Reisenschal’ and “Vlaspik’) were selected on the basis of different seed treatments.
Cucumbers were grown according to standard practices in fields with a negative history for P.
capsici infection. Mature fruit were harvested weekly, sorted according to size, and stored in a
cold room at 4°C until a chamber experiment could be initiated (generally three to six days).

Fruit preparation and inoculation: Fruit were subjected to a S minute immersion in a 5%
commercial bleach solution and gently washed, then rinsed in distilled water. Fruit were allowed
to dry under ambient conditions. Dry fruit were labeled with a numerical code indicating the
inoculum and cucumber variety with a permanent marker. A 0.7 mm plug of actively expanding -
mycelium or plain UCV8 agar was placed at the center of unwounded fruit. A plastic
microcentrifuge tube was placed over the agar plug and sealed to the fruit with petroleum jelly to
maintain high humidity during initial infection of the fruit.

Experimental design: A completely randomized design determined the layout of inoculated



fruit. A random number generator was used to construct a linear array of the number set used to
code individual fruit. Fruit were incubated for four days on a bench top at room temperature and
scored for lesion diameter, sporulation density, and the diameter of sporulation.

Each of the five treatment/host combinations was replicated four times in Experiments 1 through
5. Due to a lack of fruit set of some cultivars, there were only two replications per experiment in
the last two runs (Experiments 6,7). Each treatment/host combination was represented in at least
two experiments.

Number of cucumber cultivars screened for resistance to Phytophthora capsici in 2000.

Cucumber type Number screened
Pickling : 21
Slicing 4
Plant introduction 32
Total 57

Further analysis on this year’s data will be conducted to choose lines that will be evaluated in
next year’s screen. While all lines appeared to be susceptible, we are interested in pursuing those
lines where lesion diameter and sporulation density was reduced. See Appendix II for tables.



2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 1

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

Sporula-

Sporula- :

Sporula-

S=slicing variety Lesion Sporula- Lesion Sporula- Lesion Sporula-  Sporula- Lesion Sporula- 0
diam. tion tion : diam. tion tion diam. tion tion diam. tion tion
(cm) diam. density’ i (cm) diam. density’ (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave)) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
{ave.) ; (ave.) (ave.) (ave.)
Arabian Hybrid, Asgrow.P ........... 6.7 0.5 0.3 6.7 0.5 0.3 6.9 0.6 0.8 6.6 0.5 | 03
Colt Hybrid, Asgrow™ ... ... ... .. 6.7 0.0 0.0 7.0 0.6 0.5 6.8 0.0 0.0 6.9 1.1 0.8
Cyclone, Asgrow™ . ................ 7.6 1.9 1.5 6.7 0.0 0.0 7.5 3.8 2.5 7.2 6.0 0.0
Discover, Seminis® ................ 6.9 0.0 0.0 6.8 0.0 0.0 6.9 0.0 0.0 6.7 0.0 0.0
Eureka, Siegers” .................. 6.3 1.9 1.3 6.0 0.0 0.0 6.7 24 1.8 6.6 1.4 1.0
Excel, Seminis” .. ................. 7.1 1.8 1.3 7.0 0.6 0.5 7.0 0.0 0.0 6.7 0.0 0.0
Lafayette, Sun Seeds® .............. 6.8 .1 0.8 6.5 1.5 1.0 7.0 1.3 1.0 6.9 1.1 1.0
Lightning, Asgrow® ............... 7.1 24 1.0 7.2 1.4 0.8 7.4 0.0 0.0 7.4 0.6 0.5
Palomino Hybrid, Asgrow® ......... 13 1.6 1.3 7.4 0.5 0.3 7.0 2.0 1.5 6.4 1.1 0.8
P1209067,USDA ................ 6.7 3.4 1.3 6.5 23 1.0 6.6 1.6 1.0 6.5 1.6 0.8
PI249561,USDA ................ 7.1 0.0 0.0 6.7 0.0 0.0 6.5 0.0 0.0 6.8 0.0 0.0
PI426169,USDA ................ 7.4 1.9 1.5 6.8 0.5 0.3 7.0 23 1.3 6.6 1.5 0.8
Reisenschal (control), Vlasic Foods® .. 7.2 3.0 2.3 6.9 3.0 2.3 7.1 0.0 0.0 6.8 0.0 0.0
Stallion Hybrid, Asgrow’ ........... 6.7 0.6 0.5 7.0 0.5 0.5 74 0.0 0.0 7.0 0.6 0.5
Thunder, Asgrow® ................ 7.4 1.3 0.8 73 0.5 0.5 7.5 0.6 0.5 7.4 0.8 0.5
Transamerica, Sun Seeds” .......... 7.0 0.7 0.5 6.6 0.5 0.3 7.1 1.3 0.8 6.7 1.1 0.8
Vlaspik (B-1,SMP), Vlasic Foods’ . ... 6.1 2.5 2.3 6.7 0.0 0.0 7.4 0.0 0.0 6.5 1.6 1.3
Vlaspik (B-2,SMP,+), Vlasic Foods® .. 6.8 0.0 0.0 6.5 0.0 0.0 7.1 0.0 0.0 6.8 0.0 0.0




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 1

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

S=slicing variety Lesion  Sporula-  Sporula- Lesion  Sporula-  Sporula- { Lesion  Sporula-  Sporula- Lesion  Sporula-  Sporula-
diam, tion tion : diam. tion tion diam. tion tion diam. tion tion
{cm) diam, density” {  (cm) diam, density’ (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)

(ave.) (ave.) (ave.) (ave.)

Vlaspik (B-3,SMP,E), Vlasic Foods® . . 6.7 0.0 0.0 6.5 0.0 0.0 6.9 0.0 0.0 6.6 0.0 0.0

Vlaspik (B-4,SMP,E,+), Vlasic Foods" 7.1 0.0 0.0 6.8 0.0 0.0 6.8 0.0 0.0 6.3 0.0 0.0

Vlaspik (control), Asgrow” .......... 72 0.5 0.3 6.7 0.0 0.0 7.3 0.5 03 6.6 0.0 0.0

Vlaspik+M Hybrid, Asgrow® ........ 6.6 0.8 0.8 7.2 0.0 0.0 7.0 0.0 0.0 7.3 0.6 0.5

Vlasspear, Seminis® ............... 6.6 2.5 20 &+ 72 2.0 1.5 7.5 0.0 0.0 6.9 0.0 0.0

"Rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 2

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

Sporula-

Sporula- :

Sporula-  Sporula-

S=glicing variety Lesion  Sporula- Lesion Sporula- Lesion Lesion Sporula-  Sporula-
diam. tion tion diam. tion tion diam. tion tion diam. tion tion
(cm) diam. density’ (cm) diam. density’ i (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Arabian Hybrid, Asgrow” . .......... 6.8 0.5 0.3 6.6 0.5 0.3 6.9 0.0 0.0 6.9 0.0 0.0
Colt Hybrid, Asgrow® .............. 6.7 0.0 0.0 7.0 0.6 0.5 7.0 0.0 0.0 7.3 0.6 0.5
Cyclone, Asgrow® ................. 7.2 1.6 1.3 7.1 1.5 1.3 7.1 0.0 0.0 7.1 3.7 23
Discover, Seminis® ................ 5.0 0.0 0.0 6.7 0.0 0.0 7.0 0.0 0.0 6.8 0.0 0.0
Eureka, Siegers” .................. 7.1 1.8 1.5 6.5 0.5 0.5 6.9 2.5 23 6.9 24 23
Excel, Seminis® . .................. 6.9 2.4 2.3 7.0 1.8 1.5 72 09 0.8 6.8 0.0 0.0
Lafayette, Sun Seeds® .............. 7.0 1.6 1.0 7.1 0.8 0.5 7.2 1.8 1.5 6.7 0.0 0.0
Lightning, Asgrow® ............... 7.3 1.6 1.0 7.0 0.9 0.5 7.0 1.4 1.3 7.4 1.8 1.5
Palomino Hybrid, Asgrow® ......... 7.1 0.8 0.8 6.9 0.0 0.0 6.8 1.3 0.8 6.7 0.9 0.8
P1249561,USDA ................ 7.1 0.6 0.5 7.2 0.9 0.8 7.1 0.0 0.0 7.0 0.0 0.0
PI 426169, USDA ................ 7.1 1.4 1.3 6.8 0.8 0.5 7.1 1.5 1.0 6.9 1.8 1.5
Reisenschal (control), Vlasic Foods® .. 1.3 3.8 2.8 7.1 1.6 L5 7.1 3.7 3.0 7.2 2.0 1.5
Stallion Hybrid, Asgrow® ........... 7.1 0.8 0.5 6.7 0.0 0.0 7.0 0.0 0.0 7.2 0.8 0.8
Thunder, Asgrow® ................ 73 1.0 0.8 7.1 1.8 1.0 7.4 1.0 0.5 7.3 0.0 0.0
Transamerica, Sun Seeds® .......... 7.1 1.5 1.0 6.7 0.6 0.5 6.9 1.5 1.5 6.8 0.5 0.5
Vlaspik (B-1,SMP), Vlasic Foods" . . . . 6.8 2.5 23 6.4 0.8 0.8 6.3 2.5 23 6.7 1.0 0.8
Vlaspik (B-2,SMP,+), Vlasic Foods® .. 6.9 0.0 0.0 7.3 0.0 0.0 6.8 0.0 0.0 7.1 0.0 0.0
Vlaspik (B-3,SMP,E), Vlasic Foods® . . 6.7 0.0 0.0 6.6 0.0 0.0 6.7 0.0 0.0 7.1 0.0 0.0




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 2

Variety (four fruits per replicate) P. capsici OP97 P. capsici SP98 P. capsici 238 P. capsici 236

P=pickling variety r ' '

S=glicing variety Lesion  Sporula-  Sporula- { Lesion  Sporula-  Sporula- | Lesion  Sporula- Sporula- i Lesion  Sporula-  Sporula-
diam. tion tion | diam. tion tion diam. tion tion diam, tion tion
(cm) diam, density’ (cm) diam. density’ (cm) diam. density’ (cm) diam, density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)

(ave.) (ave.) (ave.) (ave.)

Vlaspik (B-4,SMP,E,+), Vlasic Foods" 6.9 0.0 0.0 6.8 0.0 0.0 6.7 0.0 0.0 7.0 0.0 0.0

Vlaspik (control), Vlasic Foods® .. ... 7.0 1.6 1.3 7.1 0.9 0.8 7.1 2.7 2.3 7.0 | 1.7 L5

Vlaspik+M Hybrid, Asgrow’ ........ 7.0 0.0 0.0 6.8 1.5 1.3 7.0 0.9 0.8 6.6 0.0 0.0

Vlasspear, Seminis® ............... 6.9 1.3 08 { 69 0.0 0.0 72 0.0 0.0 6.7 0.0 0.0

"Sporulation density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:
Resistance of Cuacumbers to Phytophthora capsici, EXPERIMENT 3

Variety (four fruits per replicate) P. capsici OP97 : P. capsici SP98 P. capsici 238 P. capsici 236
P=pickling variety

Lesion Sporula-  Sporula- | Lesion  Sporula-  Sporula- Lesion Sporula-  Sporula- { Lesion Sporula-  Sporula-

diam. tion tion diam. tion tion diam. tion tion diam. tion tion

(cm) diam. density’ (cm) diam. density” (cm) diam. density’ (cm) diam. density’

(ave.) - (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)

(ave.) (ave.) (ave.) (ave.)

Discover, Seminis® .................. 6.6 0.0 0.0 6.6 0.0 0.0 6.4 0.0 0.0 6.6 0.6 0.3
P1209067,USDA .................. 6.2 3.0 2.0 5.6 2.4 1.5 6.0 3.0 23 5.6 24 1.8
PI209068, USDA .................. 6.4 -33 1.7 6.5 2.4 1.5 6.3 2.5 1.5 6.1 1.3 0.8
P1209069, USDA .................. 5.8 33 23 6.2 3.0 2.5 6.1 3.6 2.5 6.2 2.7 20
PI211980,USDA .................. 59 3.8 28 6.2 3.9 2.5 6.1 34 2.8 6.0 4.0 2.5
P1271328, USDA .................. 3 2.5 1.8 52 2.0 1.3 6.0 23 2.0 5.6 2.5 2.3
PI330628, USDA .................. 5.6 23 15 52 2.3 1.5 53 34 2.3 5.6 33 25
PI358813,USDA .................. 6.2 24 1.5 6.0 2.7 1.5 6.1 2.8 1.8 6.0 2.1 1.0
PI358814,USDA .................. 5.9 2.0 1.3 5.1 2.0 1.3 6.4 1.3 0.8 4.0 0.0 0.0
PI390262,USDA .................. 6.2 3.8 25 167 4.1 2.8 6.4 3.6 2.5 6.0 33 23
PI390263,USDA .................. 5.8 4.0 2.5 6.0 3.8 2.8 5.6 3.7 3.0 6.3 4.1 3.0
PI426170,USDA .................. 5.6 1.4 1.0 5.0 1.9 1.3 6.0 1.9 1.3 5.4 2.3 1.3
Reisenschal (B-1,SMP), Vlasic Foods® .. 6.1 2.9 1.8 6.6 3.6 2.5 6.4 3.2 2.0 6.6 2.8 2.3
Reisenschal (B-2,SMP,+), Vlasic Foods"® . 6.5 33 23 6.2 2.4 1.5 6.4 23 1.3 5.6 2.9 2.0
Reisenschal (B-3,SMP,E), Vlasic Foods’ . 6.4 2.8 2.0 6.1 2.6 1.8 | 63 3.0 2.3 6.4 3.1 2.8
Reisenschal (B-4,SMP,E +), Vlasic Foods” i 59 5.0 1.8 §{ 53 2.5 20 & 57 2.1 1.5 5.8 2.0 1.3

"Sporulation density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, and 3=heavy sporulation.



2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 4

Variety (four fruits per replicate) P. cap;ici 0P97 P. capsici SP98 P. capsici 238 P. capsici 236
P=pickling variety
S=glicing variety Lesion  Sporula- Spqrula- Lesion  Sporula- Sporula- Lesion Spgrula- Sporula- : Lesion  Sporula-  Sporula-
diam. tion tion diam, tion tion diam. tion tion diam. tion tion
- {cm) diam, density’ (cm) diam. density” (cm) diam. density’ (cm) diam., density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) { (ave.) (cm) (ave.)
(ave) (ave.) (ave.) (ave.)
Discover, Seminis® .................. : 59 0.0 0.0 6.3 0.0 0.0 6.0 0.0 0.0 . 5.7 0.0 0.0
Meteor, Asgrow® ................... 73 0.0 0.0 1.5 0.5 0.3 i 80 11 0.8 7.6 0.0 0.0
PI 197087, USDA .................. 5.3 1.0 0.5 6.1 1.4 0.8 : 6.0 39 2.5 6.4 3.6 23
Pl 197088, USDA .................. 5.7 1.8 1.3 6.0 0.6 0.5 6.1 0.5 0.5 5.4 1.8 1.3
PI209068, USDA .................. 5.7 0.6 0.5 5.4 1.4 0.8 5.8 0.8 0.5 6.2 1.8 1.0
P1209069,USDA .................. 6.3 L5 0.8 : 6.2 1.3 0.8 6.2 1.8 1.5 6.2 0.6 0.5
PI211978, USDA .................. 6.8 1.6 1.0 P64 1.6 1.0 7.0 29 1.3 : 7.0 3.6 2.0
PI211979,USDA .................. 6.4 37 23 6.8 3.1 23 7.5 | 3.8 1.8 7.0 2.6 1.5
PI211980,USDA .................. 6.1 2.0 1.3 6.2 1.4 1.0 6.2 1.1 0.8 6.1 0.8 0.5
PI1271328,USDA .................. 6.2 1.1 0.8 6.2 1.4 1.0 6.1 24 1.8 59 0.5 03
P1279468, USDA .................. 7.6 39 2.8 7.3 29 2.0 7.1 2.1 2.0 14 3.0 23
PI330628,USDA .................. 6.0 1.4 1.0 6.2 24 1.8 5.8 0.0 0.0 6.7 2.8 1.8
PI358813,USDA .................. 5.9 0.6 0.5 i 6.6 2.0 1.5 i 6.8 1.5 1.0 6.6 1.6 1.0
PI358814,USDA .................. 6.1 1.4 1.0 : 6.2 0.8 0.3 6.5 1.5 1.0 § 67 2.5 2..0
PI390262, USDA .................. 6.4 1.3 0.8 6.3 0.8 0.5 6.0 1.4 1.3 6.6 0.8 0.8
PI390263,USDA .................. 6.7 0.6 0.5 P61 2.5 1.8 6.0 0.0 0.0 6.1 0.6 0.5
Pl 426170, USDA .................. 59 0.6 0.5 6_.0 .t 08 5.6 2.2 1.3 i 6.0 1.3 1.0
P1432868, USDA ............... e 72 3.3 25 7.1 2.8 2.0 7.2 3.1 2.0 6.7 2.8 1.8




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 4

Variety (four fruits per replicate) P. capsici OP97 P. capsici SP98 P. capsici 238 P. capsici 236
P=pickling variety
S=slicing variety Lesion Sporula-  Sporula- i Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula-
diam. tion tion diam. tion tion diam. tion tion diam. tion tion
{cm) diam. density’ (cm) diam, density’ (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) {cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Reisenschal (B-1,SMP), Vlasic Foods® . . 5.7 0.5 0.3 6.1 0.0 0.0 5.7 0.6 0.3 6.4 0.0 0.0
Reisenschal (B-2,SMP,+), Vlasic Foods" . 5.9 0.0 0.0 6.2 0.0 0.0 6.0 0.0 0.0 6.1 0.0 0.0
Reisenschal (B-3,SMP,E), Vlasic Foods® . 5.9 0.0 0.0 5.6 0.0 0.0 6.0 0.0 0.0 6.1 - 04 03
Reisenschal (B-4,SMP,E,+), Vlasic Foods® 5.6 0.0 0.0 6.2 0.0 0.0 6.2 0.0 0.0 6.3 0.0 0.0

‘Sporulation density rated on a scale of 0 to 3 where O=none, I=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 5

Variety (four fruits per replicate)
P=pickling variety

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

S=slicing variety Lesion  Sporula-  Sporula- { Lesion Sporula-  Sporula- ; Lesion  Sporula- - Sporula- i Lesion  Sporula- Sporula-
diam, tiori tion diam. tion tion diam. tion tion diam. tion tion
(cm) diam, density’ (cm) diam. density’ (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Discover, Seminis® ................ 6.1 0.0 0.0 5.9 0.0 0.0 6.0 0.0 0.0 6.4 0.0 0.0
Meteor, Asgrow® ................. 6.9 0.9 0.3 7.0 1.5 0.8 7.0 2.9 1.3 6.4 0.0 0.0
PI 197088, USDA ................ 6.5 0.6 0.3 6.8 1.4 0.8 5.8 1.8 1.0 6.3 0.8 0.5
PI211978,USDA ................ 6.3 0.6 0.5 6.8 3.1 1.8 6.5 2.3 1.8 6.7 0.6 0.3
PI227210,USDA ................ 6.8 0.8 03 6.9 2.1 1.8 6.8 23 1.3 7.0 0.8 03
PI279468, USDA ................ 6.6 1.6 0.8 6.2 2.2 1.3 5.8 0.8 0.5 5.8 3.1 1.8
PI390239,USDA ................ 6.8 1.5 1.3 6.3 2.2 1.0 5.8 1.6 0.5 6.3 23 1.8
Pl 432868, USDA ................ 6.2 1.6 1.0 5.6 2.4 1.5 6.3 0.0 0.0 6.4 L5 1.0

"Sporulation density rated on a scale of 0 to 3 where 0=none, 1=faint, 2=moderate, and 3=heavy sporulation.




2000 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 6

Variety (two fruits per replicate due to
limited fruit set on plants)

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

P=pickling variety Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporufa-  Sporula-
diam. tion tion diam. tion tion diam. tion tion diam. tion tion
(cm) diam, density’ (cm) diam. density’ (cm) diam. density’ (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Discover, Seminis® ................ 54 0.0 0.0 5.2 2.1 1.0 5.1 0.0 0.0 4.9 0.0 0.0
PH163213,USDA ................ 4.8 0.0 0.0 4.8 2.8 2.5 4.1 0.0 0.0 4.7 0.0 0.0
PI 163214, USDA ................ 5.6 3.6 2.5 53 2.3 1.0 5.5 3.0 2.0 4.9 23 2.0
P1227209,USDA ................ 6.1 3.1 1.5 6.1 4.0 2.5 6.1 3.1 1.5 59 0.0 0.0
PI271327,USDA ................ 5.6 0.0 0.0 6.1 2.3 1.5 6.3 1.3 1.0 59 0.0 0.0
PI279466, USDA ................ 6.6 3.8 2.5 52 2.5 2.0 54 2.6 25 53 3.0 1.0
PI279467,USDA ................ 6.6 3.1 25 6.2 3.1 1.5 6.4 2.7 1.5 6.1 3.1 1.0
PI1 321008, USDA ................ 6.1 0.0 0.0 6.2 0.0 0.0 5.6 2.7 1.5 59 2.5 1.0
PI321009,USDA ................ 5.6 2.8 3.0 5.9 3.7 3.0 6.1 3.9 3.0 6.1 23 1.5
PI1390240,USDA ................ 6.9 4.7 3.0 6.1 1.3 0.5 6.4 3.1 2.0 5.7 22 1.0
P1432867,USDA ................ 6.4 3.0 1.5 6.9 3.8 2.5 6.0 1.5 1.0 6.1 4.0 2.0

"Sporulation density rated on a scale of 0 to 3 where 0=none, 1=faint, 2=moderate, and 3=heavy sporulation.




Resistance of Cucumbers to Phytophthora capsici, EXPERIMENT 7

2000 Michigan State University Germ Plasm Trial:

Variety (two fruits per replicate due to
limited fruit set on plants, unless
indicated otherwise)

P. capsici OP97

P. capsici SP98

P. capsici 238

P. capsici 236

P ] Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- Lesion Sporula-  Sporula- { Lesion Sporula-  Sporula-
=pickling variety diam, tion tion | diam. tion tion diam. tion tion diam. tion tion
(cm) diam. density’ ! (cm) diam. density” (cm) diam. density” ! (cm) diam. density’
(ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.) (ave.) (cm) (ave.)
(ave.) (ave.) (ave.) (ave.)
Discover, Seminis® ................ 54 0.0 0.0 54 0.0 0.0 5.7 0.0 0.0 6.0 0.0 0.0
PI 163213, USDA ......... Creee 5.0 0.0 0.0 5.7 2.8 2.0 5.8 3.0 1.0 6.1 1.8 0.5
P1163214,USDA ................ 5.7 3.1 2.5 5.7 3.0 2.5 5.2 0.0 0.0 5.7 23 1.0
P1249562, USDA™ ............... 5.0 2.0 1.0 5.4 0.0 0.0 5.5 0.0 0.0 5.8 3.0 3.0
PI271327,USDA ................ 59 0.0 0.0 5.9 3.1 1.5 5.5 0.0 0.0 5.8 0.0 0.0
P1279466,USDA ................ 6.0 3.8 2.5 6.1 ‘ 3.1 1.5 6.3 0.0 0.0 59 33 2.0
P1279467, USDA ................ 6.7 3.1 2.0 6.3 1.8 0.5 6.1 3.1 2.5 6.5 3.1 1.5
PI1279468, USDA ................ 59 0.0 0.0 6.1 1.5 1.0 5.9 1.6 1.0 6.1 0.0 0.0
P1321009,USDA ................ 59 3.3 2.5 6.0 33 3.0 5.9 3.8 2.0 5.7 3.0 2.0
P1390240,USDA ................ 6.3 33 2.5 5.6 0.0 0.0 5.6 3.1 1.5 6.3 1.8 0.5
P1432867, USDA ................ 6.1 3.0 2.0 5.9 23 1.5 59 3.0 2.0 6.4 34 2.0

‘Sporulation density rated on a scale of 0 to 3 where 0=none, 1=faint, 2=moderate, and 3=heavy sporulation.

"Only one fruit per replicate.




Characterization and Epidemiology of Phytophthora capsici Populatiohs and
Screening for Genetic Resistance to Fruit Rot in Pickles, 2000-2001

M. Hausbeck , K. Lamour, and R. Hammerschmidt

Objective 1: Determine the environmental conditions (temperature and relative humidity)
required for sporulation of Phytophthora capsici on cucumbers.

Temperature study: Four isolates of Phytophthora capsici (OP97, 236, 238, and SP98)
were grown on unclarified V8 juice agar plates (10 each) in growth chambers maintaining the
following four temperatures: 15°, 22°, 27°, and 33° C. These temperatures span the previously
reported range of growth temperatures for P. capsici. Growth was recorded daily. This
experiment was conducted twice and the results averaged together. The average rate of growth
differed depending on the isolate, but in all cases optimal growth was achieved at 27°C (Figure
1). Trials at 4° and 8°C resulted in no growth of any of the isolates.

Relative Humidity (RH) study: Isolate OP97 (A1 compatibility type) was obtained from
a naturally infected pickling cucumber fruit in the northwest region of Michigan during 1997.
Single zoospore isolation, compatibility type determination, and long term storage were as
previously described. Isolate OP97 was inoculated onto, and re-isolated from, a cucumber fruit 2
weeks prior to the initiation of the experiments and maintained on unclarified V8 juice agar (160
ml V8 juice, 3 g CaCO,, 16 g agar, and 840 ml distilled water). ‘

Eight slicing type cucumbers (approximately 15 cm long x 5.0 cm in diameter) obtained
from a local supermarket were gently washed and immersed in 0.25% sodium hypochlorite for 5
to 10 minutes, rinsed in distilled water and air dried. A 7 mm V8 agar plug containing actively
growing P. capsici mycelium and an agar plug without mycelium were placed on opposite ends
of the intact surface of each fruit. To prevent plugs from drying out, a 1.5 ml microcentrifuge
tube without the cap and with the lip of the cap coated with petroleum jelly was placed over the
plug for 24 hours.

Experiments were conducted in a growth chamber (Controlled Environments Inc.,
Pembina, N. D.) that provided 14 hours of light from two 60W cool white fluorescent bulbs and
maintained 23.5°C night/25.5°C day temperatures. Inoculated cucumbers were incubated for five
days at RH levels of 60%, 80%, and 98%. Relative humidity was maintained using a RH control
unit (Cole-Parmer Instrument Co., Vernon Hills, IL), and temperature and RH were recorded
every ten minutes with a data logger (HOBO, Spectrum Technologies Inc., Plainfield, IL).

Cucumbers were observed daily via a covered window built into the side of the chamber
and the presence of visible symptoms recorded. On the fifth day (approximately 120 hrs)
cucumbers were removed from the chamber, lesion diameter measured, and converted to square
centimeters. Sporangia were gently dislodged from lesions using a medium toothbrush into 200
ml of a 300 ppm rose bengal solution and counted with a hemacytometer. The estimated number
of sporangia/ml was multiplied by 200 and divided by the total square centimeters of the lesion
to obtain an estimate of total sporangia production. Each experiment was conducted twice. A
three way analysis of variance (SigmaStat) with a balanced design was conducted to detect
interactions between sporangia/cm? and trial, RH, and fruit. Small sections were removed from
the edge of the lesions at the conclusion of each experiment and examined with a scanning
electron microscope as described below.



Phytophthora capsici isolate OP97 developed visible water soaked lesions on cucumber
fruit by the third day post-inoculation and visible sporulation by the fourth day at all three RH
levels in the chamber experiments. Results from replicate experiments were combined for
analysis because of the low level of variation between experimental results. Average lesion
diameters at day 5 were 9.9, 10.0 and 10.2 cm for the 98%, 80%, and 60% RH treatments.
Analysis of variance indicates a significant interaction between RH and number of
sporangia/cm’. Pairwise multiple comparison (Student-Newman-Keuls method) indicates that
sporangia production at 98% RH was significantly less than at 60% or 80%, whereas sporangia
production at 60% and 80% RH were not significantly different (Figure 2). Our results indicate
that sporulation of P. capsici on cucumber fruit is high at all three of the tested RH levels and,
that sporangia production at 60% and 80% RH is significantly greater than at 98% RH. These
results are markedly different than the optimal conditions described for most Phytophthora
species investigated and suggests that ambient RH levels as low as 60% are not be a limiting
factor in the production of sporangia by P. capsici on cucumber fruit.

' Continued characterization of P. capsici’s life history is included in Appendix 1.

Objective 2: Screen pickling cucumber germplasm for resistance to P. capsici fruit rot.

Cucumbers of 46 different varieties were grown according to standard practices in fields
with a negative history for P. capsici in 2001. Mature fruit were harvested and stored in a cold
room (4°C) until used. Fruit were soaked 5 minutes in a 5% commercial bleach solution and
gently washed, rinsed in distilled water, and dried under ambient conditions. A 0.7 mm plug of
actively growing OP97 mycelium was placed at the center of labeled fruit. A plastic
microcentrifuge tube was placed over the plug and sealed to the fruit with petroleum jelly to
maintain high humidity during initial infection of the fruit. Fruit were incubated for 3 to 4 days
on a bench top at room temperature and scored for lesion and sporulation diameter, and density
of sporulation. Each experiment was conducted twice. See Appendix 2 for tables. Statistical
analyses have not yet been conducted to determine whether there are significant differences
among the tested varieties.



APPENDIX 2
Objective 2:

Screen pickling cucumber germplasm for resistance to P.
capsici fruit rot.



2001 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 4 days at room

Lesion diam. (cm)

Sporulation diam. (cm)

Sporulation density”

temperature

' Repl Rep2 Ave Rep! Rep2 Ave Repl Rep2 Ave
$S-58137, Sun Seeds 2001 . .. . . . 56 56 56 33 34 33 .25 18 21
$S-58139, Sun Seeds 2001 . .. .. . 54 56 55 31 26 29 28 20 24
$S-58141, Sun Seeds 2001 . . . . .. s6 58 57 23 24 23 15 23 19
$S-58142, Sun Seeds 2001 . . . . . . s8 60 59 29 22 26 18 23 20
$S-58143, Sun Seeds 2001 . .. .. . 60 61 60 30 20 25 18 23 20
$S-58144, Sun Seeds 2001 . . . . . . 51 54 52 24 20 22 18 20 19
$S-58145, Sun Seeds 2001 . . . . . 59 61 60 31 33 32 15 18 16
$5-58146, Sun Seeds 2001 . . . ... s0 51 50 15 19 17 08 03 05
$S-58147, Sun Seeds 2001 . .. ... 56 57 56 23 24 23 18 10 14
$S-58148, Sun Seeds 2001 . . . . .. s6 53 54 29 20 24 28 20 24
$S-58149, Sun Seeds 2001 . . .. . . 53 57 55 20 16 18 18 03 10
$S-58150, Sun Seeds 2001 . . . . .. 48 51 50 20 20 20 18 05 LI
$S-58151, Sun Seeds 2001 . .. ... s1 52 51 12 06 09 08 15 LI
$S-58152, Sun Seeds 2001 . .. ... 52 52 52 21 21 21 18 18 18
$5-58153, Sun Seeds 2001 . ... .. s4 54 54 24 24 24 23 20 21
$S-58154, Sun Seeds 2001 . . . . .. s4 54 54 28 28 28 18 20 19
$S-58155, Sun Seeds 2001 . ... .. 65 63 64 31 30 31 23 20 21
$S-58456, Sun Seeds 2001 . .. ... 51 50 50 32 25 29 30 28 29
Excel M, Asgrow 2000 . ... .. 62 65 64 31 32 31 30 20 25
Arabian, Asgrow 2000 . ... .. ... 53 55 54 21 26 23 18 15 16
Viaspik + M, 2000 ... ......... s1 55 53 22 22 22 18 20 19
Stallion, 2000 .. .............. 50 52 51 24 16 20 25 18 21
Discover M, Asgrow 2000 . .. . . 63 64 63 25 31 28 23 28 25

*Sporulation Density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy sporulation.



2001 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 4 days at room

Lesion dia:ﬁ. (cm)

Sporulation diam. (cm)

Sporulation density”

temperature

Repl Rep2 Ave Repl Rep2 Ave Repl Rep2 Ave
Discover M, Asgrow 2000 ...... 7.0 7.1 7.0 3.2 2.0 2.6 2.5 1.8 2.1
P1249561, USDA 2001 ........ 6.3 6.3 6.3 2.8 2.5 2.7 2.8 2.8 2.8
P1321006, USDA 2001 ........ 5.5 5.2 53 23 2.1 2.2 2.3 2.5 2.4
P1321007, USDA 2001 ........ 5.6 5.5 5.5 34 33 34 2.8 2.8 2.8
PI1321008, USDA 2001 ........ 5.1 53 5.2 2.9 2.7 2.8 2.0 2.3 2.1
P1390261, USDA 2001 ........ 5.3 5.0 52 2.1 14 1.7 2.5 1.5 2.0
P1390262, USDA 2001 ........ 6.1 5.8 6.0 3.0 23 2.6 3.0 3.0 3.0
PI1401732, USDA 2001 ........ - 5.8 5.7 5.7 2.8 2.6 2.7 2.5 2.5 2.5
P1401733, USDA 2001 ........ 6.0 6.0 6.0 3.1 2.8 3.0 2.5 2.5 2.5
WIS5551,1994 . .............. 5.1 55 53 3.0 2.9 3.0 2.5 3.0 2.8

*Sporulation Density rated on a scale of 0 to 3 where O=none, 1=faint, 2=moderate, 3=heavy sporulation.



2001 Michigan State University Germ Plasm Trial:

Resistance of Cucumbers to Phytophthora capsici

Cultivar (four fruits per replicate),

P. capsici OP97

incubated 3 days” at room

Lesion diam. (cim)

Sporulation diam. (cm)

Sporulation density™

temperature

Repl Rep2 Ave Rep! Rep2 Ave Rep! Rep2 Ave
Discover M, Asgrow 2000 ... ... 40 36 38 16 03 09 10 03 06
PI 197085, USDA 2001 ........ 26 24 25 17 18 17 05 10 08
PI 197088, USDA 2001 ... .... 30 26 28 13 12 13 03 10 06
PI 249562, USDA 2001 ........ 32 35 34 11 12 12 10 05 08
P1271326, USDA 2001 ........ 33 32 33 12 14 13 05 08 06
PI 271327, USDA 2001 ... ..... 32 34 33 13 16 15 18 18 18
WI1983 G, 1997 . ..oovven.. 33 33 33 19 14 16 20 13 16
WI6632E, 1997 .o ovovenn.. 320 36 34 17 14 15 13 10 11
WI 5207,2000 .\ ooveenennn 35 36 35 15 17 16 15 08 Ll
(WI) SMR 18,2000 ........... 37 35 36 17 13 15 13 10 Ll
(WI) GY 14,1998 ............ 33 39 36 16 12 14 10 05 08

*Experiment incubated three days due to contamination.

**Sporulation Density rated on a scale of 0 to 3 where O=nwne, 1=faint, 2=moderate, 3=heavy sporulation.
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Worksheet 3-A(15)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the

same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http:/www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Resistant Cultivars Study: Evaluation of fungicides and host resistance for
control of Phytophthora crown rot of summer

squash, 1999.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted ' X
1b. wanship caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section II.



For EPA Use Only
ID#

Worksheet 3-A(15)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) G.J. Holmes

M.E. Lancaster

F.J. Louws
3. Publication and Date of Publication Fungicide and Nematicide Tests, 2000
4. Location of research study Hendersonville, North Carolina

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.
Resistant Cultivars

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Using a resistant cultivar was not commercially acceptable, because there was nearly 40% of the plants killed by

Phytophthora capsici with this control measure.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

These results apply to Michigan growers, who would expect to experience similar losses.

OMB Control # 2060-0482



SUMMER SQUASH (Cucurbita pepo ‘Supersett’) G. J. Holmes', M. E. Lancaster’ and F. J.
Phytophthora crown rot; Phytophthora capsici Louws', ‘Dept Plant Pathology, NC State Univ,
. Box 7616, Raleigh, NC 27695, and 2NC Coop.

Ext. Service, Hendersonville, NC 28792

EVALUATION OF FUNGICIDES AND HOST RESISTANCE FOR CONTROL OF PHYTOPHTHORA CROWN ROT OF
SUMMER SQUASH, 1999: The experiment was conducted in a commercial squash field near Hendersonville, NC (GPS coordinates:
N35°19.078", W082°25.178") where a severe outbreak of Phytophthora crown rot (PCR) was observed on squash in the summer of 1997. The
field was planted to sweet com in 1997. Soil type was a Codorus loam. The PCR-resistant squash variety was a gray zucchini (SSXP210;
Harris Moran Seeds). Treatments were randomized in four complete blocks. Plots were two rows on 4-ft centers, 20 ft long and separated
by two rows of pepper. Preplant incorporated (PPI) treatments were applied immediately prior to planting using a CO, backpack sprayer
equipped with a single nozzle, handheld boom, hollow cone nozzle tip (TXVK-8) and operating at 40 psi. Squash was direct seeded on 7
Jun into ridged beds. Foliar treatments were applied using the same apparatus, by a single pass on each side of the plant bed for a total
volume of 56 gal/A. Ridomil Gold + Dithane foliar applications were made on 23 Jun, 7 and 20 Jul and 4 Aug. All other treatments except
those that were preplant incorporated (PPI) were applied weekly beginning 16 Jun and ending 11 Aug for a total of 9 applications.

Disease incidence (% mortality) evaluations began 7 days following the first observation of disease (approximately 4 wilted plants
in entire test site) when plants had approximately 6 true leaves. Disease progressed rapidly with 46% of individual plots showing greater
than 80% plant death on 14 Jul. Yield was not evaluated since the main effect of the disease was plant death. Highly significant block and
treatment effects were detected (P=0.01) at each evaluation and for Area Under Disease Progress Curve (AUDPC). The Ridomil Gold EC
treatment provided superior control of the disease compared with all other chemical treatments. Because disease attacked early, we believe
that most of the effect was due to the PPI treatment rather than subsequent foliar applications. The resistant variety also held up relatively
well under the intense disease pressure. However, this variety does not possess good marketable characteristics. A postharvest evaluation
(10 fruit from each treatment stored for 20 days at room temperature) yielded 2 out of 120 fruit rotting due to P. capsici. Louws et al. report
results of the parallel study on pepper iu this volume.

Mortality (%) !
Product and amount/A 29 Jun 07 Jul 14 Jul 20 Jul 28 Jul 03 Aug 11 Aug 17 Aug AUDPC
Acrobat 50WP, 0.4 1b +
Dithane 75DF, 21b ........... 11.7abc 47.7b 562b 73.0ab 718b 78.5b 8l1b 83.00b 3278b
Acrobat 50WP, 0.4 1b +
Kocide 2000,1.910 ........... 169bc 567b 660b 793abc 86.7ab 91.8abc 93.8bc 9454ab 3851bc
Acrobat 50WP, 0.4 1b + Dithane
75DF,2lb(stem base alt.)? .... 156bc 5230 598b 715b 758b 809bc 8250 84.1b 3441 be
Dithane 75DF, 21 ........... 222¢ 586b 642b 812abc 84.1bc 89.3abc 889bc 89.7bc 3862 bc
Ridomil Gold 4EC, 2 pt (PPI) >,
Ridomil Gold 4EC, 2 pt +
Dithane 75DF, 2 Ib (foliar) . .... 0.7a 19a 33a 56a 98a 184 a 256a 294 a 551a
* Quadris 2.08F, 2 pt (PPD) ... ... 9.labc 6130 73.1b  867abc 91.1bc 97.1bc 978hkc 98.5bc 3974bc
* Flint SOWG, 1 1b(PPD) ....... 133abc 686b 743b  918bc 959¢ 992c¢ 100c 100 ¢ 4204 be
¢ Sovran 50WG, 11b(PP) ...... 183bc 6850 80.2b 886abc ‘91.7bc 954abc 96.6bc 97.0bc - 4207 bc
4 Acrobat SOWP,41b (PPI) ..... 12.1¢ 72.0b 81.2b 866abc 893bc 93.7abc 94.9bc 949bc 4235bc
Resistant variety, no fungicide ... 00a 69a 112 a 221a 23.7a 285a 306a 36.5a 1204 a
Resistant variety +
Acrobat 50WP, 0.4 Ib + ‘ '
Dithane 75DF, 21b ........... 53ab 76a 187a 21.0a 269a 275a 318a 346a 1112 a
Non-treated . ................ 19.9¢c 61.2b - 748b 949c¢ 983c 100c -100c¢ 100 ¢ - 4295 ¢
LSD (P=0.05) 14.1 25.7 26.6 20.0 20.0 17.8 175 15.8 980

! Values are the means of 4 replicate plots. Treatments followed by the same letter within a column are not significantly different
(K=100, Duncan-Waller K-ratio test).

? alternated between spray directed at the base of the plant and directed at the entire plant (not possible until plant height was >1.5 ft;
approximately 20 Jun).

3 PPI = preplant incorporated in top 4 inches of soil.

4 Followed by foliar treatment at 14 and 28 days after planting,

260 Vegetables F&N Tests 55:260
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Worksheet 3-A(16). "Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet,

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) couid be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed alist of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research e

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPAunless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Soilless Culture Study: UNEP 1988, B-83, B-282, B-44

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted - X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(16). Alternatives - Technical Feasibility of Alternatives to Methy!l Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Soilless Culture

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

7

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Soilless culture is achieved in some parts of the world through the use of volcanic gravel, and has been helpful in

managing various soil-borne pathogens. This method of disease control is unproven for management of
Phytophthora capsici, and is not feasible for Michigan growers who do not have access to volcanic gravel.

OMB Control # 2060-0482
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Worksheet 3-A(17). Alternatives - Technical Feasibility of Alternatives to Methy! Bromide

In this worksheet, you should address why an aiternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section 1 and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website. '

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Substrates, Plug Plants Study: UNEP 1988, B-83, B-90, B-94, B-282

Section l. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.




For EPA Use Only
ID#

Worksheet 3-A(17). Alternétives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? - Yes X No
1a. If not on the EPA web.;ite, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Substrates, Plug Plants

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The resuilts of these studies do not apply to the situation in Michigan, because Phytophthora capsici is not
disseminated via seeds or transplants. The examples given in the UNEP 1998 studies include Alfernaria

Didymella, Fusarium oxysporum, Clavibacter michiganensis subsp. michiganensis, Verticillium spp. and
Pseudomonas spp. These examples do not apply to the situation in Michigan. Use of pathogen-free seeds and

transplants is not a viable alternative for P. capsici .

OMB Control # 2060-0482
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Worksheet 3-A(18). Alternatives - Technical Feasibility of Alternétives to Methyl

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additipnal pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
—successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies 'de\;eloped by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Fungicides . Study: The dynamics of mefenoxam insensitivity in a
recombining population of Phytophthora capsici
characterized with amplified fragment length
polymorphism markers.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(18). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 91:553-557, 2002

4. Location of research study Michigan, USA

- 5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Mefenoxam

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Insensitivity of Phytophthora capsici to mefenoxam, a commonly used fungicide, is common in Michigan fields. o

Insensitivity of the pathogen to this fungicide renders this treatment ineffective.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H,, and Hausbeck, M. K. 2001. The dynamics of mefenoxam
insensitivity in a recombining population of Phytophthora capsici charac-
terized with amplified fragment length polymorphism markers. Phyto-
pathology 91:553-557.

Recent findings from Michigan suggest that recombination may play a
role in the survival and evolution of sensitivity to the fungicide mefen-
oxam in populations of Phytophthora capsici on cucurbit hosts. In
1998, 63 mefenoxam insensitive isolates were recovered from a squash
field in which mefenoxam had been applied. Additional isolates were
recovered from untreated squash fields planted at this location in 1999
(200 isolates) and the spring of 2000 (34 isolates). Isolates from 1998 and
1999 . were characterized using fluorescent amplified fragment length
polymorphism (AFLP) markers and all isolates were screened for com-

patibility type and mefenoxam sensitivity. In 1998 and 1999, 92 and
71% of the isolates, respectively, had unique multilocus AFLP genotypes
with no identical isolates recovered between years. Seventy-two identical
AFLP markers were clearly resolved in both the 1998 and 1999 sample
sets, and fixation indices for the 37 polymorphic AFLP loci indicate little
differentiation between years. There was no decrease in the frequency of
resistant isolates during the 2 years without mefenoxam selection, We
conclude that oospores play a key role in overwintering and that the
frequency of mefenoxam insensitivity may not decrease in an agricultur-
ally significant time period (2 years) once mefenoxam selection pressure
is removed.

Additional keywords: fungicide resistance, genetic diversity, population
genetics.

Crown, root, and fruit rot caused by Phytophthora capsici is
increasing in Michigan cucurbit production fields, and uninfested
land suitable for rotation is becoming increasingly scarce, espe-
cially in areas undergoing rapid urban development. The phenyla-
mide fungicide (PAF) mefenoxam is a systemic fungicide that
appears to be acting at the level of DNA translation, and is fung-
istatic to fully sensitive isolates of P. capsici (2,13). Although
mefenoxam has been considered by some growers to be helpful,
mefenoxam insensitive isolates were reported on bell peppers in
North Carolina and New Jersey by Parra and Ristaino in 1998 (18)
and have since been recovered from 10 of 11 farms sampled in
Michigan (13), as well as, in Georgia (15) and southern Italy (19).
Mefenoxam insensitivity in Michigan P, capsici isolates is inher-
ited as a single gene exhibiting incomplete dominance (13), which
is consistent with the reports for a variety of other oomycetous
organisms (2). Investigations with P. infestans indicate that
insensitivity may be conferred by genes at different chromosomal
positions (5), suggesting that the basis of insensitivity in different
populations may not be identical. Sexual recombination, in
particular, has the potential to impact management strategies that
employ PAFs because the fully insensitive (two copies of the
insensitivity allele) phenotype may be directly generated. P, cap-
sici is heterothallic and the sexual stage is initiated when isolates
of opposite compatibility type, designated Al and A2, come into
close association to form thick-walled oospores (4). The asexual
stage includes the production of caducous sporangia born on long
pedicels, which may release motile zoospores if free water is pre-
sent. Asexual spores are thought to be responsible for the poly-

yclic nature of disease development (20).
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PAF resistance in the genus Phytophthora and, in particular, the
P. infestans—potato pathosystem, is well documented (2,4,9). Until
recently, the population structure of P. infestans appeared to be
largely clonal outside of P. infestans putative center of origin (6).
The recent detection of both P. infestans compatibility types along
with increased genotypic diversity in some potato growing regions
indicates that the sexual stage is likely active and may signifi-
cantly impact control strategies that have proved useful in the past
(3.8). When PAF resistance in European P. infestans populations
increased significantly in the early 1980s, the efficacy of the PAF
metalaxyl was only regained after the product was not made avail-
able to growers for a period of time (2). This strategy apparently
allowed the resistant populations to decline or become extinct and
depends on ephemeral populations or, in the case of resident popu-
lations, upon a significant cost for resistance outside of selection
pressure. A recent study of sensitive versus PAF resistant P. nico-
tianae isolates from citrus suggests negligible fitness costs for
PAF resistance and reports that 2 years without PAF use did not
reduce the proportion of resistant isolates in groves (21). Kadish
and Cohen report that PAF-resistant P. infestans isolates in Israel
were more aggressive in colonizing tuber tissue than sensitive
isolates (12).

Novel techniques have been developed recently that allow char-
acterization of DNA-level polymorphism in organisms for which
little is known about the genome. An example is the amplified
fragment length polymorphism (AFLP) technique introduced by
Vos et al. in 1995 (23). This technique relies on restriction enzyme
fragmentation of genomic DNA with the concomitant ligation of
synthetic adaptors to the DNA fragment ends. Stringent poly-
merase chain reaction (PCR) amplification using adaptor-comple-
mentary primers with additional selective nucleotides allow for
the amplification of fragment subsets. DNA fragment subsets are
termed fingerprints and may be resolved with a range of tech-
niques (1). AFLP markers have been used on a variety of organ-



isms (14,22) and the procedure generates a large number of repro-
ducible markers (1,22). The limitation that these markers are
generally scored as dominant markers (e.g., either present or
absent) for diploid organisms requires the use of relatively large
sample sets (11,25).

Our null hypotheses are that sexual recombination has a signifi-
cant impact on the population structure of P. capsici in Michigan
and that mefenoxam insensitivity may not decrease in the time
frame of a typical 2-year rotation outside of mefenoxam selection
pressure.

MATERIALS AND METHODS

Field plot. Research was conducted on a commercial farm in
southwest Michigan, with a history (>11 years) of P. capsici on
bell peppers and squash and intensive use of PAF. The 4.05-ha
field sampled had previously been cropped to soybeans and corn
with no known record of P. capsici susceptible crops (e.g., toma-
toes, peppers, or cucurbits) prior to 1997. During 1997 and 1998,
yellow squash and zucchini grown in this field became diseased
with Phytophthora crown, root, and fruit rot and the grower ap-
plied mefenoxam as part of a disease management strategy
(Novartis, Greensboro, NC). In 1998, all isolates recovered were
either intermediately or fully insensitive to mefenoxam. Both Al

TABLE 1. Fixation indices (Fsr) for 37 amplified fragment length poly-
morphism loci from unique Phytophthora capsici isolates collected from a
single Michigan cucurbit field during 1998 (N = 57) and 1999 (N = 141)

Fragment® 1998 f(aa)® 1999 f(aa) Fsrt
45 0.02 0.06 0.018
54 0.29 0.29 0.000
64 0.82 0.55 0.048
104 0.11 0.06 0.007
106 0.11 0.04 0.025
110 0.41 0.36 0.002
130 041 0.30 0.009
146 0.47 0.24 0.038
149 0.12 0.27 0.029
154 0.39 0.31 0.004
156 0.53 0.83 0.054
172 0.56 0.33 0.034
189 0.16 0.56 0.121
192 0.16 0.37 0044
193 0.35 0.20 0.022
211 0.47 0.15 0.088
241 048 0.32 0.018
256 0.04 0.01 0.022
258 0.43 0.49 0.002
261 0.55 0.54 0.000
270 0.57 0.41 0.015
282 0.35 0.40 0.002
285 0.51 0.73 0.030
314 0.51 0.34 0.019
320 0.41 0.51 0.006
333 0.16 0.20 0.002
346 0.36 0.33 0.001
361 0.33 0.49 0.017
383 0.21 0.15 0.005
418 . 0.40 0.34 0.002
431 0.34 0.32 0.001
438 0.67 0.45 0.028
454 0.65 0.49 0.015
492 0.29 0.40 0.009
504 0.51 0.47 0.001
511 0.38 0.28 0.007
548 0.78 0.78 0.000

* EcoRI-AC/Msel-CA selectively amplified fragment size in base pairs.

® Observed frequency of the absent state where “a” represents the absence of
a fragment.

© Fsr calculated from estimated allele frequencies. According to Wright's
qualitative guidelines, values from 0 to 0.05 indicate little genetic dif-
ferentiation and values from 0.05 to 0.15 indicate moderate genetic differ-
entiation.

and A2 compatibility types were present, and cospores were de-
tected in diseased fruit. In 1999 and ‘2000, yellow squash was
established in a 1,124-m? experimental-plot in this field, and me-
fenoxam was not applied. Diseased plants and fruit were sampled
on 20 August 1998 (63 isolates from entire field), June through
August 1999 (200 isolates from experimental plot), and 13 July
2000 (34 isolates from experimental plot). All isolates were recov-
ered from single diseased plants or fruit.-

Isolate collection and maintenance. Isolation from diseased
plant material was made onto BARP (25 ppm of benomyl,
100 ppm of ampicillin, 30 ppm of rifampicin, and 100 ppm of
pentachloronitrobenzene)-amended UCV8 (840 ml of distilled
water, 163 ml of unclarified V8 juice, 3 g of CaCO;, and 16 g of
Bacto agar) plates. Procedures for obtaining single zoospore
isolates were as previously described (13). Single Zoospore
cultures were maintained on 30 ppm of rifampicin and 100 ppm of
ampicillin (RA)-UCV8 plates and transferred bimonthly. Long-
term storage consisted of a single 7-mm plug of expanding
mycelium from each single zoospore culture being placed in a
1.5-ml microfuge tube with one sterilized hemp seed and 1 m} of
sterile distilled water, incubated for 2 to 3 weeks at 23 to 25°C,
and stored at 15°C long term.

Phenotypic characterization. Isolates were screened for com-
patibility type as previously described (13). Mefenoxam sensitiv-
ity was characterized according to the in vitro screening technique
described by Lamour and Hausbeck (LH technique) for P. capsici
isolates in Michigan (13). Isolates were scored as sensitive ) if
growth on UC-V8 agar amended with 100 ppm of mefenoxam
was less than 30% compared with a control, as intermediately
sensitiye (IS) if between 30 and 90%, and fully insensitive (I) if
greater than 90% compared with the unamended control. These
mefenoxam sensitivity categories are based on a trimodal dis-
tribution of 523 field isolates of P. capsici. Clear modal dis-
tributions were only attained when screening was conducted witt
a single high rate of mefenoxam-amended (100 ppm) media (K.
Lamour, unpublished data). These putative mefenoxam sensitivity
categories were tested by in vitro crosses (I x S, IS x IS, IS x S,
and S x S), and chi-square analysis confirmed that the ob-
served progeny numbers were not significantly different than
expected for Mendelian inheritance of an incompletely dominant
trait (13).

The LH technique differs from a commonly used method
described by Goodwin, Sujkowski, and Fry (GSF technique) (9)
for P. infestans which uses two levels of amended media (5 and
100 ppm) to differentiate the three mefenoxam sensitivity pheno-
types and which has been used to characterize P. capsici isolates
(15,18,19). Unfortunately, analysis of our in vitro crosses and field
isolates by the GSF technique did not resolve a clear modal distri-
bution (K. Lamour, unpublished data). Assignment of Michigan P.
capsici isolates to the S category was the same whether using the
LH or GSF technique. The only difference was that some P
capsici isolates from Michigan rated as fully insensitive by the
GSF technique were rated as intermediately sensitive by the LH
technique.

DNA extraction and AFLP fingerprinting. A technique for
avoiding bacterial contamination prior to growing isolates for
DNA extraction was implemented using a modified Van Teigham
cell (4). The uppermost portion of a 7-mm plug of mycelium was
placed onto the surface of RA-WA plates (30 ppm of rifampicin,
100 ppm of ampicillin, 1,000 ml of distilled water, and 16 g of
Bacto agar) and an autoclaved cap from a 1.5-ml microfuge tube
was placed over the plug which forced the isolate to grow through
the amended media. Isolates were incubated in the dark for 2 t
3 days before two 7-mm plugs were transferred to approximately
15 ml of RA-UCV8 broth in petri dishes (100 x 15 mm) and incu-
bated in the dark for 3 days at 23 to 25°C. Mycelial mats were
washed with distilled water and dried briefly under vacuum before
being frozen to —20°C and lyophilized.



Lyophilized mats were ground with a sterile mortar and pestle.
‘Whole genomic DNA from approximately 50 mg of ground myce-
lium was extracted with a plant mini kit (Dneasy; Qiagen Inc.,
Valencia, CA) according to the manufacturers directions. DNA
was quantified (Nucleic Acid QuickSticks; Clontech, Palo Alto,
CA) according to the manufacturers directions and approximately
100 ng of DNA was subjected to a restriction/ligation reaction,
preselective amplification, and selective amplifications using the
PCR core mix, adaptor sequences, core primer sequences, and
fluorescent-labeled primers available in an AFLP microbial
fingerprinting kit (Perkin-Elmer Applied Biosystems, Foster City,
CA, henceforth referred to as PE/ABI) and performed exactly as
described in protocol part 402977 Rev A (23). All PCR reactions
were performed with a minicycler (MJ Research Inc., Waltham,
MA) in 0.2-ml tubes according to the cycling parameters outlined
in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed with pre-
selective products from P. capsici isolate OP97, which was iso-
lated from a cucumber fruit in 1997 (13). Selective amplifications
with the selective primers EcoRI-AA, -AC, -AG, and -AT were
performed in all 16 combinations with the Msel-CA, -CC, -CG,
and -CT selective primers. EcoRI selective primers, available
from PE/ABI, were labeled at the 5" end with either carboxy-
fluorescein (FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4’,5"-dichloro-2’,7’-dimethoxyfluorescein (JOE) fluores-
cent dyes. The fluorescent dyes are excited by laser radiation and
visualized by their characteristic absorption-emission frequencies.
Only the fragments containing an EcoRI restriction site are
resolved.

Products from three reactions labeled with different colored
dyes and a carboxy-X-rhodamine (ROX) size standard were
loaded into each lane on a denaturing polyacrylamide gel and the
fragments resolved in a DNA sequencer (ABI Prism 377). Results
were prepared for analysis in the form of electropherograms using
GeneScan Analysis software (PE/ABI). AFLP fragments were
scored manually as present (1) or absent (0) using Genotyper
(PE/ABI). Only DNA bands that consistently exhibited unambigu-
ous presence or absence profiles were scored.

A single isolate, OP97, was subjected to the aforementioned
protocol using three primer pair combinations that were chosen as
optimal on three separate occasions, approximately 3 months apart,
to test for reproducibility of AFLP profiles.

Clone detection and cluster analysis. AFLP fragments were
considered polymorphic if the most common allele was present in
less than 95% of the isolates from a given sample set and scored
for presence (1) or absence (0) (10). AFLP fragments present in
more than 95% of the isolates from a given sample set were
considered monomorphic. Analysis of the resulting binary data
matrix was performed using NTSYS-pc version 2.02k (Exeter
Software, Setauket, NY). Unweighted pair group method with
arithmetic averages cluster analysis was performed on the matrix
of similarity coefficients calculated from all possible pairwise
comparisons of individuals within and among the 1998 and 1999
populations and a tree generated. Isolates showing complete
homology at all loci were considered to be clones and except for
a single representative isolate were excluded from frequency
calculations. _

Allele frequency and fixation indices. Allele frequencies for
AFLP markers were estimated utilizing the expected relationship
between gene and genotype frequencies in a randomly mating
population (i.e., Hardy-Weinberg proportions). The frequency of
the recessive (absent) allele (g) was calculated from the observed
number of recessive homozygote individuals (X) in a sample of n
individuals by the formula for dominant markers described by
Jorde et al. (11):

1-x
4n

Gg=.|x+

where x = X/n is the observed proportion of individuals that do not
display the dominant (present) marker phenotype. In order to test
whether the composite genetic profiles from 1998 and 1999 were
consistent with a single randomly mating population, the fixation
index was calculated for each AFLP loci from the variance in

allele frequencies according to the following formula: Fgr = [(p,—
P2)*/4)/(average p x average q), where p is the allele frequency for-
the present state with p; and p;, indicating the two sample popula-

tions, and ¢ is the allele frequency for the absent state (10). Fixa-

tion indices for individual loci were interpreted according to the

qualitative guidelines suggested by Wright (24), where the range

0 to 0.05 indicates little genetic differentiation, range 0.05 to 0.15

indicates moderate genetic differentiation, and greater than 0.25

indicates great genetic differentiation (10).

RESULTS

AFLP band characterization. Evaluation of the 16 EcoRI +
2-Msel + 2 selective primer pair combinations indicated that
EcoRI + AC-Msel + CA gave the most clearly resolved fragment
profile and was used to amplify genomic DNA from all isolates in
both the 1998 and 1999 sample sets. This primer combination
resulted in 72 clearly resolved fragments of which 37 (51%) frag-
ments were polymorphic in both 1998 and 1999 (Table 1). All
72 fragments were present in both 1998 and 1999 and no novel
fragments were detected between years. The following 35 fragments
(size in base pairs) were monomorphic in both the 1998 and 1999
sample sets: 41, 43, 47, 49, 58, 66, 70, 82, 85, 114, 118, 123, 133,
135, 140, 159, 174, 235, 247, 249, 272, 278, 295, 298, 300, 341,
351, 355, 367, 402, 474, 488, 502, 519, and 527. AFLP profiles
for isolate OP97, generated from separate, DNA extractions on
three separate occasions over a 1-year period, resulted in identical
banding patterns with the only difference being minor changes in
the intensity of the electropherogram signal. Occasionally individ-
ual reactions resulted in poorly resolved fingerprint profiles (e.g.,
low intensity of signal) and were repeated until signals were
deemed optimal.

Phenotypic, genotypic, and gene diversity. No isolates sensi-
tive to mefenoxam were recovered in 1998 or 2000, and single A1l
sensitive and A2 sensitive isolates were recovered in 1999 (Table
2). In 1998, 18% of the isolates were intermediately sensitive and
82% were insensitive, in 1999, 2% were sensitive, 28% were
intermediately sensitive and 70% were insensitive, and in 2000,
15% of the isolates were intermediately sensitive and 85% were
insensitive to mefenoxam (Table 2).

In 1998, 57 of the 63 isolates recovered, and 141 of the 200 iso-
lates recovered in 1999 were unique based on multilocus AFLP
profiles. No identical multilocus genotypes were recovered be-
tween 1998 and 1999. Five isolates (two A2/, two A2/IS, and

TABLE 2. Phenotypic diversity of Phytophthora capsici isolates recovered
from the same cucurbit field in 1998, 1999, and 2000

No. of Compatibility type and mefenoxam sensitivity®
Year* isolates® Al1/S Al/IS Al/l A2/S A2/1S A2/1

1998 57 - 4 31 - 6 16
1999 141 1(2) 17(0) 57(53) 1(1) 23(18) 42(@47
2000 34 - 2 8 - 3 21

* Mefenoxam was applied in 1998 but not in 1999 or 2000.

b Sample sets from 1998 and 1999 consist of unique multilocus genotypes as
determined with amplified fragment length polymorphism fingerprinting.
The 2000 sample set was recovered at the beginning of the growing season
and was not fingerprinted.

¢S = sensitive, IS = intermediately sensitive, and 1 = insensitive as
determined by in vitro screening on 100 ppm of mefenoxam-amended agar.
Numbers in parentheses indicate the expected number of isolates when
mefenoxam insensitivity is assumed to be controlled by a single incom-
pletely dominant gene in Hardy-Weinberg equilibrium unlinked to com-
patibility type.




one AIM) of P capsici collected in 1998 had: one clonal
representative. Fourteen isolates collected in 1999-had between
two and four clones (Table 3). A single A1 compatibility type in-
sensitive isolate had 40 clones recovered over the course of the
1999 season and comprised 3% of the early, 15% of the mid-, and
43% of the late sampling intervals (Table 3). The 1999 sampling
intervals (early, mid, and late) are based on the dates of sampling
and are not intended to reflect stages of plant growth or the
epidemiology of P. capsici. Cluster analysis of AFLP fingerprint
variation indicated no significant clustering of isolates between
1998 and 1999.

The majority (98%) of the 37 polymorphic AFLP fragments
showed little genetic differentiation (Fsr < 0.05) between 1998
and 1999 according to Wrights qualitative criterion (Table 1) (24).

DISCUSSION

P. capsici causes significant damage to cucurbit hosts in Michi-
gan each year. In an effort to prevent or control epidemics, many
growers have used either metalaxyl or the newer, but similarly
acting compound, mefenoxam as a part of their disease manage-
ment strategy. This study was initiated in an effort to address the
concerns of growers who have high levels of mefenoxam in-
sensitivity. .

Phenotypic data (mefenoxam sensitivity and compatibility type)
from a 1998 survey suggested that insensitivity to mefenoxam was
common and that some level of recombination is occurring in the
field (13), but without the application of additional polymorphic
markers our ability to assess population structure was severely
restricted. AFLP analysis proved to be a powerful tool for resolv-
ing the population, dynamics of P. capsici. A single selective
primer combination, EcoRI-AC-Msel-CA, generated 72 bands of
which 37 were polymorphic in our 1998 and 1999 sample sets.
AFLP fingerprinting, in conjunction with temporal sampling, pro-
vided a useful characterization of P. capsici from one season to
the next and allowed us to track asexual disease development over
the course of a single season.

Our data suggests that sexual recombination significantly im-
pacts the structure of this P. capsici population. The finding that
198 of the 262 isolates recovered between 1998 and 1999 had
unique multilocus AFLP genotypes is consistent with the high
level of genotypic diversity expected in an outcrossing population

TABLE 3. Clone contribution of 15 Phytophthora capsici isolates to the total
number of isolates collected in 1999 (N = 200)

No. of clones in early, mid, and late season®

No. of 6/22-17/16 7/20 - 8/3 8/5 - 8/18
Isolate  clones® CT/MSP N=60 N=80 N=60
JP571 2 Al/l 2 - -
JP583 2 All 2 - -
JP944 3 AUl 2 1 -
JP999 3 Al/l 2 1 -
JP1007 2 Al/l 1 1 -
JP1042 2 A2/1 1 1 -
JP1096 2 Al/l - 1 1
JP1102 2 A1 - 2 -
JP1215 3 A2l 3 - -
JP1342 2 A2/IS - 2 -
JP1369 2 Al/l 1 1 -
JP1384 4 A2/1 3 1 -
JP1512 2 Al 1 - 1
JP1555 3 Al/l - - 3
JP1632 40 Al/l 2 12 26

* Total number of isolates with identical multilocus amplified fragment length
polymorphism profiles.

b CT = compatibility type and MS = mefenoxam sensitivity where S = sen-
sitive, IS = intermediately sensitive, and | = insensitive as determined by in
vitro screening on 100 ppm of mefenoxam-amended agar.

¢ Sample intervals based on sampling dates only.

(7,16,17). Although clonal reproduction occurred in 1998 and
1999, no identical genotypes were recovered between years, sug-
gesting that oospores are important for overwintering. The finding
that 35 of the 37 polymorphic fragments exhibited very little
differentiation (i.e., change in allele frequency) based on the
estimated fixation indices between 1998 and 1999 is consistent
with the expectations for a recombining population large enough
to avoid dramatic changes due to genetic drift.

In 1999 and 2000, sensitive and intermediately sensitive iso-
lates (42 of 175) did not increase in a manner suggesting selection
in favor of mefenoxam sensitivity outside of mefenoxam selection
pressure. The fact that 14 of the 15 isolates with clonal reproduc-
tion in 1999 were fully insensitive may be another indication that
mefenoxam insensitivity does not have significant costs outside of
mefenoxam selection pressure. If we assume that there is only a
single mefenoxam insensitivity gene in this population unlinked to
compatibility type, designated /, and that this population is effec-
tively free from the effects of migration and genetic drift, some
interesting speculations can be made. For instance, in 1999, if the
mefenoxam sensitivity phenotypes are assumed to represent geno-
types (e.g8., a fully insensitive isolate has two copies of the I allele)
then the frequency of I can be estimated and the observed number
of unique isolates that fall into each -of the six mefenoxam
sensitivity/compatibility type categories can be compared with the
expectations under Hardy-Weinberg equilibrium. In 1999, the
estimated frequency of / was 0.84, and chi-square analysis, using
the data in Table 2, indicates that the observed numbers do not
differ from those expected under Hardy-Weinberg equilibria at
P = 0.50 (x* = 3.09, df = 4). Although this is not a particularly
powerful test due to the large number of assumptions (10, it does
lend support to the hypothesis that this population meets the
criterion for panmixia.

Our results do not allow us to reject the null hypothesis that
sexual recombination significantly impacts the structure of this
population. It appears that sexual recombination plays a sig-
nificant role in maintaining genotypic and gene diversity while
concomitantly producing overwintering inoculum. Our data also
suggest that sexual recombination may serve as a potent force
for integrating a beneficial allele based on the finding that there
were a total of 133 unique multilocus genotypes fully insensitive
to mefenoxam between 1998 and 1999. An interesting question
that can only be answered by following a fully sensitive popu-
lation as it shifts to insensitivity is how much genetic diversity
is lost, if any, during the PAF selection process? The question
of how long mefenoxam resistance will remain in a population
of P capsici when selection pressure is removed can only be
answered in a tentative way. It appears that in this popula-
tion, insensitivity will not decrease within the time frame of a
typical 2-year rotation and, once resistance to mefenoxam is
established, the future usefulness of this fungicide may be ex-
tremely limited.

Comparison of the population structure reported at this single
location is currently being compared with other locations in
Michigan and the United States and should provide useful insight
into the amount of genetic diversity in sensitive versus insensitive
populations as well as the contribution of migration to P. capsici
population structure.
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Worksheet 3-A(18)(b). Alférnatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is

not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){a). For the

same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop.and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work
(1) Conduct and submit your own research —
(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

’ W/hether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be inciuded, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by

the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

.Alternative: Fungicides Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restrictiun for all users covered by this application, the
applicant should not complete Section .
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Worksheet 3-A(18)(b). Alternatives - Technical Feasibility of Alterﬁatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Mefenoxam

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Insensitivity of Phytophthora capsici to mefenoxam, a commonly used fungicide, is common in Michigan fields.

Insensitivity of the pathogen to this fungicide renders this treatment ineffective.

8. Discuss how the resulté of the study apply to your situation. Would you expect similar resuits? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Root, crown, and fruit rot caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculam (6). P capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, Tepro-
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ductive biology, and the durability of currently recommended
management strategies.

. METHODOLOGY -

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid. with quadrants varying from 40 m? to 12 km? A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique. ‘ .

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. ‘In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with.the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate ‘of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety



of methods for generating molecular markers were tested for
efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of P. capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to be members of the same clonal lineage

- and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level

. were generated by bootstrapping at 1,000 iterations. The program

NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA),

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of
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mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, Ix S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring cospore progeny set (3).

In planta studies using sensitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated
and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998, Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was’
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢57) between the



populations sampled on consecutive years were very close to zero,
indicating that gene diversity was not measurably impacted by
genetic drift (5). The overall estimated ¢sy for populations from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity present in Michigan P. capsici popula-
tions is found among populations and 65% is found within any
one population. AMOVA partitioned genetic diversity among
(40%) and within (60%) populations. The similarity tree based on
UPGMA cluster analysis clearly showed that isolates from the

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling, Cluster
analysis also clearly showed that populations separated geo-
graphically branched from population-specific nodes (5).

DISCUSSION

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

Asexual
reproduction

Sexual
reproduction

Fig. 1. Spore types and signs of infection caused by Phytophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acorn squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 pm). E, Close-up of a
single tuft of sporangia (Bar = 30 pm). F, Typical papillate sporangium with a long pedicel (Bar = 20 um). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 ym). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 pm). I,
Typical amphigynous oospore (Bar = 10 pm). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).



caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P. capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in
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Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P, capsici-infested fields.
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Worksheet 4. Alternatives - Future Research Plans

Please describe future plans to test alternatives to methyl bromide. (All available m
bromide alternatives from the alternatives list should have been tested or have futu
planned.) There is no need to complete a separate worksheet for future research pl
each alternative - you may use this worksheet to describe all future research plans.

1. Name of study: Aliernatives to methyl bromide for control of Phytophthora capsici and Fusarium oxysporum f.sp.

melonis on cucurbits in Michigan.

2. Researcher(s): Dr. Mary Hausbeck

Mr. Brian Cortright

3. Your test is planned for:  April to October, 2003, 2004. : — -

4. Location: Southwestern Michigan, USA at Michigan State University's Research and Extension Center,

several plots will be placed with various commercial growers.

5. Name of alternative to be tested:

Multigard FFA (47, 71 gal/A) Telone C-35 (15, 32 gal)

Multigard Protecf Chloropicrin 100%

Multigard Protect + Vapam HL (37, 56 gai/A) ldomethane 67/33

CX-100 (applied as drip or preplant Chicken manure composted
6. Will crop yield be measured in the study? Yes X No

Whenever possible.

 If additional testing is not planned, please explain why. (For example, the available
alternatives have been tested and found unsuitable, an alternative has been identified but is
not yet registered for this crop, available alternatives are too expensive for this crop, etc.)

OMB Control # 2060-0482
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Worksheet 5. Additional Information

1.

How will you minimize your use and/or emissions of methyl bromide?

1a. Check all methods you will use Nothing
X Tarpaulin (high density polyethylene)
X Virtually impermeabile film (VIF)

X Cultural practices (please specify)

rotation, raised beds,

ID#

trickle irrigation

1b. Will you use other pesticides to reduce use of methyl bromide?

If yes please specify.  foliar fungicides including Ridomil Gold and Acrobat

Yes X No

1c. Other non-chemical methods: (please specify):
raised beds, trickle, black plastic, foliar fungicide sprays, rotation

Do you have access to recycled methyl bromide?

If yes, how many pounds? Ibs.

Do you anticipate that you will have any methyl bromide in storage on
January 1, 2005?

If yes, how many pounds? Ibs.

) /
What is the cumulative amount spent to date by the user or consortium
on research to develop alternatives to methyl bromide (beginning in
1992)?

Yes No X

Yes No X

$ 1.1 million

Other mvestments, if any, made to reduce your reliance on methyl bromide. Describe each

investment and its associated cost.

Michigan State University's vegetable plant pathology program has made the research its top priority.

Identify what factors would allow you to stop or reduce your use of methyl bromide
(e.g. registration of particular pesticide; completion of research plan; capital outlay).

Completion of our research plan, identification, developmeni, and implementation of new disease management strategies

would greatly reduce our methyl bromide use.

When do you expect these to occur?
: Within 5 to 10 years.

Range of acres farmed by growers included in this application?
(insert number of users in each category)

0-10 acres
10-25 acres
25-50 acres
50-100 acres
100-200 acres
200-400 acres
over 400 acres

- (O (1 (O |CO |
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Worksheet 5. Additional Information (continued)

8. Range of square feet of the area to which applicants included in
this application will apply methyl bromide? (insert number of users
in each category)

____0-5,000 sq. ft.
____5,001-10,000 sq. ft.
____ 10,001 - 20,000 sq. ft.
20,001 - 40,000 sq. ft.
40,001 - 80,000 sq. ft.
_4 80,001 - 160,000 sq. ft.
_25 over 160,000 sq. ft.

| certify that all information contained in this document is factual to the best of my knowledge.

Signature W QA /5,?/ f/ﬂvéu,, » fe,c/g, Date  #-5 —‘ Q- 7

Print Name Mary K. Halgbeck Title Professor

Information in this application may be aggregated with information from other applications and used by the United
States government to justify claims in the national nomination package that a particular use of methyl bromide be
considered "critical" and authorized for an exemption beyond the 2005 phaseout. Use of aggregate data will be
crucial to making compelling arguments in favor of critical use exemptions. By signing below, you agree not to
assert any claim of confidentiality that would affect the disclosure by EPA of aggregate information based in part on
information contained in this application.

Signature ﬂ%ﬂéf, % /%LH/&J/& Date 905

Print Name Mary K. Hausbeck Title Professor

Burden means the total time, effort, or financial resources expended by persons to generate, maintain, retain, or disciose or provide information to or for a Federal agency. This includes the time
needed to review instructions; develop, acquire, install, and utilize technology and systems for the purposes of collecting, validating, and verifying information, processing and maintaining
information, and disclosing and providing information; adjust the existing ways to comply with any previously applicable instructions and requirements; train personnel to be able to respond to a
collection of information; search data sources; complete and review the collection of information; and transmit or otherwise disclose the information. Public reporting burden for this collection of
information is estimated to average 324 hours per response and assumes a large portion of applications will be submitted by consortia on behalf of many individual users of methyl bromide. An
agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a current OMB control number.

OMB Control # 2060-0482
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Worksheet 6. Application Summary
This worksheet will be posted on the web to notify the public of requests for critical use exemptions beyond the 2005 phase out for methyl bromlde Therefore, this worksheet cannot be claimed as CBI.

1. Name of Applicant: Michigan cucurbit growers

2. Location: Michigan, USA P

3. Crop: Cucurbits including: watermelon;bmuskmelon, cugumber, summer squash, winter squash
4. Pounds of Methy! Bromide Requested 2005 62,142 a.i.

5. Area Treated with Methyl Bromide 2005 " 1,446 acres units

6. If methy! bromide is requested for additional years, reason for request:

Michigan State University has an active research program, and is making progress in disease management.

Additional time is needed to develop effective alternatives for Phytophthora capsici.

2006 60,970 ibs. Area Treated 1,419 acres units

2007 58,625 Ibs. Area Treated 1,364 acres units

Place an "X" in the column(s) labeled "Not Technically Feasible™ and/or "Not Economically Feasible” where appropriate. Use the "Reasons” column to describe w
alternative is not feasible.

Potential Alternatives Not Not Reasons
Technically | Economically
Feasible Feasible
1,3-Dichloropropens, Chloropicrin X Not effective,
1,3-D, Metam Sodium X Not effactive.
Matam Sodium, Crop Rotation X Not effective, pathogens long-lived.
i Biofumigation X - Efficacy is not proven, requires solarization. - T
Solarization X Climate in Michigan, USA is too cold.
Steam X Not technically feasible for large scale agriculture.
Biological Control X Efficacy is not proven.
Cover Crops, Muiching X Not effective, alrsady used in commercial production.
Crop Rotation, Fallow X Not effective, pathogens long-lived, already used in commercial production.
Endophytes X Efficacy is not proven.
Fiooding, Water Management X Flooding is not feasible, trickle and raised beds are used, but frequent heavy rains favor disease.
General IPM X Utilized by growers, but is not adequate for disease control.
Grafting, Resistant Rootstock, Plant Breeding X Resistant rootstock has not been identified. Would not be effective against root rof.
Organic Production X Not effective, many growers already using techniques.
Resistant Varieties . X Resistant varieties have not been identified.
Soilless Culure - X Volcanic ash, rockwool are not viable aiternatives for large-scale production in Michigan, USA.

Substrates, Plug Plants X Primary pathogens are not disseminated on seed or transplants.




